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Wonderful folded rocks and distorted formations. 
THE ORIGIN OF THE ROCKY M@UNTAINS.—([See page 88.] 
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Recent Significant Developments in Science and Engineering’ 
A Review and Explanation of the Most Important Advances 


Tur following brief notes describe what seem to be 
the most significant developments in several of the 
sciences, and branches of engineering. The subjects 
selected and the material used in the description are 
due to various professors in Cornell University all of 
whom are authorities in the several fields touched upon. 

PHYSICS, 

X-Rays and Crystalline Structure.—One of the most 
interesting developments in modern physics is the re- 
cent discovery that Roentgen rays can be reflected and 
diffracted by means of crystals. As an immediate re- 
sult of this discovery, not only bas the true nature 
of X-rays themselves been learned, but scientists have 
been able to explore the inner structure of crystals, 
learning the arrangement of and measuring the dis- 
tance between the atoms of which they are built. It 
even seems as though we may be able to probe still 
deeper by this means, and to find out how the atoms 
themselves are made. 

From the large amount of experimental evidence 
obtained in the last two years, we have every reason 
to believe that X-rays are electromagnetic waves of 
extremely short wave length, about ten thousand times 
smaller than those of ordinary visible radiation.~ To 
measure these wave-lengths in the usual manner by 
means of a ruled diffraction grating was therefore 
out of the question. It occurred to Laue that in the 
regular arrangement of atoms in a crystal we have 
gratings whose lines are naturally “ruled” so closely 
that their distances are of the same order of magni- 
tude as the wave-lengths of X-rays. Messrs. Friedrich 
and Knipping tried the experiment of passing a fine 
beam of X-rays through a crystal of zinc-blende, a 
short distance behind which was placed a photographic 
plate. Upon developing the negative they found a re- 
markable group of spots, arranged symmetrically about 
the central image. ‘ 

But within the past year still more interesting re- 
sults have been obtained by Prof. W. H. Bragg, and 
his son, W. L. Bragg,’ who have used this method to 
determine the structure of crystals. Mr. W. L. Bragg 
explained each spot on the photographs as being due 
to the regular reflection of the beam of X-rays from 
a plane in the crystal, which is especially rich in 
atoms. Thus, for instance, if the atoms are arranged 
in the form of a cubical Igttice work, the rays would 
be partially reflected from planes which contain a rela- 
tively large numbér of atoms. 

The cleavage face’of a crystal is very rich in atoms; 
so to test his explanation, Mr. Bragg allowed a beam 
of X-rays to fall on a cleavage face of a crystal, and 
found as he had predicted that an image was pro- 
duced on the photographic plate at the angle of re- 
flection. But he noticed that as the angle of incidence 
was changed there were certain angles at which the 
reflection was exceptionally strong. These positions of 
strong reflection could be explained in only one way, 
as real spectrum lines in the X-rays-radiation of definite 
wave length. This explanation led at once to a defi- 
nite knowledge of the nature of X-rays. 

When an X-ray pulse. strikes the cleavage face of a 
crystal at a definite angle, a part of it is reflected by 
each layer of.atoms. If the angle. is of the proper 
value, as determined by the wave length of the train 
of waves and by the distance. between the layers 
ntoms, then the reflected pulses will reinforce each other 
and produce an especially strong image. This was 
studied by means of an apparatus in which the in- 
tensity of a reflected beam could be made to act on 
an electroscope whose deflection was measured by 
microscope. ‘ ‘ 

At this time no one knew whether it was the mole- 
cules or the individual.atoms which did the reflecting. 
Whatever the reflecting centers were, however, there 
was now a means of finding out how they were ar- 
ranged in the crystal... Mr. Bragg imagined a number 
of different arrangements of these centers, and on 
the theory that each ‘spot in Friedrich and Knipping’s 
photographs was a partial reflection of the primary 
beam by some plane rich in atoms,,he calcylated where 
the spots should be found: for each arrangement. - It 
was found that nothing but a simple cubical design 


. Sibley Journal of Engineering. 


1 Prof. W. H. Bragg, ‘F.R.S8., Professor of Physics and Mathe- 
matics at Leeds University, England, gave a special lecture on 
“X-rays and Crystalline Structure” before Cornell University 
on December 2nd, 1914, under the auspices of the Sigma Xi 
Society. ‘The above article is a brief abstract of this lecture. 
For more detailed information see contributions by Prof. W. 
H. Bragg and W. L. Bragg in the Proc. Roy. Soc. 89, pp. 248- 
291 (1913). and more recent subsequent articles. 


could account satisfactorily for the spots obtained 
with such crystals as salt, potassium chloride, etc. Thus 
we find that in a crystal of rock salt, the sodium and 
chlorine atoms are arranged in the form of a cubical 
lattice work with chlorine and sodium atoms situated 
in alternate corners of the cubes, so that for example, 
the sodium atom has six neighbéring chlorine atoms 
equally close with which it might pair off to form a 
molecule of NaCl. It was calculated that with this 
arrangement the distance between atoms was a trifle 
ever one hundredth millionth of an inch. It is inter- 
esting to note that in this arrangement, there is no 
evidence that the atoms are combined into molecules. 
A sodium atom is no more closely connected with one 
particular chlorine atom than with any other. 

In much the same way Prof. W. H. Bragg has de- 
termined the structure of the diamond. In this cage 
the atoms are all of the same kind—carbon. Eath 
atom may be thought of as bound to four other atoms, 
arranged at the corners of a tetrahedron. This is in 
accord with the fact that carbon has four @iémical 
bonds, and is in good agreement with the structure 
of the diamond as determined by the methods of 
crystallography. 

We are getting a glimpse, as it were, into the inner- 
most structure of the molecules and are learning daily 
more and more about the manner in which their con- 
stituent atoms are bound together. 

Electrical Resistance as Effected by Very Low Tem- 
peratures.—The recent experiments performed by Prof. 
H. Kamerlingh Onnes at the Leiden Physical Labo- 
ratory on the electrical resistance of metals at low 
temperatures have excited wide interest due to the un- 
expected results obtained. For this work Prof. Onnes 
has at his command equipment which enables him to 
obtain temperature within 1.7 deg. Cent. of absolute zero 
und he can maintain these temperatures for consid- 
erable periods of time. He has been studying for 
some time the electrical properties of metals at low 
temperatures, and the following is a brief outline of 
the results of the work as far as reported. 

It is well known that the resistance of a metal varies 
so as to be approximately proportional to the absolute 
temperature. It is found, howeyer, that at low tem- 
peratures slight amounts of impurities cause deviation 
from this law. Cooling an extremely pure sample of 
mercury, Prof. Onnes discovered that at a temperature 
of about 4.2 deg. Cent. above absolute zero the resist- 
ance suddenly became too small tobe measured. Just 
before this change occurred the resistance was 0,002 
of the resistance at the melting point. At this tem- 
perature the resistance became less than 0.000001 of 
that resistance. Since, he has found the same phe- 
nomena in lead and tin. In lead the change occurs 
at about 6.1 deg. Cent. and in tin at 3.8 deg. Cent. 
above absolute zero. Below these critical tempera- 
tures the metal seems to have no electrical resistance 
and Prof. Onnes describes this state by the term 
“supraconductive.” The temperature at which a con- 
ductor becomes supraconductive is not the same for 
all values of current hut is lower for larger currents. 
The resistance is therefore dependent upon the current 
and @hm’s law:-no longer -holds. Other peculiarities 
of a supraconductor are worthy of mention; since the 
resistance is immeasurably small there is neither any 
potential drop in the supraconductor nor is any heat 
developed. 

This is well illustrated as follows: The value of the 
evrrent in a circuit does not instantly become zero 
when the generator ceases to deliver power but de- 
creases at a rate which depends upon the self induction 
and resistance of the circuit. The current cannot be- 
come zero until all the energy which is stored in its 
magnetic field has been transferred into heat by the 
resistance. The length of time for which such a 
current has a measurable value is extremely short in 
most cases, If, however, the resistance of the circuit 
is made very small, the current will be maintained 
longer before its energy is transformed and we might 
imagine the limiting case where the resistance was zero 
and the current continued to flow, requiring no gen- 
erator to maintain it«because it was expending none 
of its energy. This case seems to have been realized 
by Prof. Onnes. A closed coil of 1,000 turns of lead 
wire was cooled to a temperature of about 1.7 deg. 
Cent. above absolute zero and an electric current of 
0.4 amperes induced in it by the removal of an elec- 
tromagnet whose flux had previously passed through 
the coil. Prof. Onnes was able to maintain the coil 
at this temperature for 2 hours and 29 minutes and 


was unable to detect any diminution in the value of 
the current which was measured by the magnetomete 
method. At the end of this time the temperature roge 
ty a value of 4.3 deg. Cent. (absolute) and as a respi 
the current fell to 0.36 ampere, but the temperatur 
again being reduced the current remained constay 
for 1 hour and 350 minutes more. As a result of hig 
experiments up to the present time, Prof. Onnes egt, 
mates that the resistance of lead in the supracondye 
tive state cannot be greater than 1/(4X10") part of 
its resistance at ordinary temperatures. 

That these results will have an important bearing 
upon the theories of electrical conduction and mole 
cular magnets there can be no doubt. They also sug 
gest the possibility of being able to obtain by means 
of supraconductors much stronger magnetic fields thay 
has hitherto been possible. 


CHEMISTRY, 


The field of chemistry is of such nature that it js 
difficult to select particular discoveries or developments 
as being the most significant. The following items 
however are of some interest and importance. 

J. N. Pring has devised a method for the determing. 
tion of ozone at very great dilutions and low tempera. 
tures. By this method it has been found that at, 
height of about 2.0 kilometers the amount of ozone 
averaged 2.5X10—* parts while at the height of 36 
kilometers it averaged 4.7x10—* parts. This last 
amount of ozone was found by colorimetric methods to 
give a distinct blue color indicating that ozone may 
be a factor in producing the blue color of the sky. 

It has been found that metallic salts are dissociated 
at the temperature of the Bunsen flame, with the result 
that the metal is set free. This has made possible 
the preparation of metallic mirrors of copper, caé- 
mium, tin, silver, lead, bismuth, zinc, arsenic and ant 
mony by precipitation from the Bunsen flame and ai 
the obtaining of mercury in drops. 

Mme. Curie has shown that the inactive end-products 
of the radio active elements uranium, radium, thorium 
and actinium are elements which, although occupying 
the position of lead in the periodic system show differ. 
ing atomic weights. Among the nimerous contribv- 
tions made during the past year in the field of radio 
chemistry are interesting articles entitled “Forces be 
tween atoms, and chemical affinity,” by J. J. Thomp 
son, and “The structure of the atom,” by E. Rutherford. 

The controversy regarding the alleged formation of 
active nitrogen by the electric discharge has finally 
reached a settlement. The principal investigators now 
agree that a sample of nitrogen may indeed be made 
to give the glow more readily when containing a trace 
of oxygen, but that the purest nitrogen is also capable 
of giving a brilliant glow. The presence of infinitesimal 
traces of oxygen seems to be favorable to the produc 
tion of active nitrogen. 

Sir William Crookes has measured the spectrum of 
the purest obtainable (99.98 per cent) elementary sili- 
con. G. W. Morey has prepared four new crystalline 
alkaline silicates. “In addition to the crystalline 
products, a series of hydrous glasses was obtained. 
They are perfectly hard even though containing up to 
25 per cent water.” 

MATHEMATICS, 


The most valuable recent contribution is that of sy 
tematizing processes of numerical and graphical ap 
proximation. A well known older example of this 
process is illustrated by Hérner’s method for finding 
(approximately) the numerical roots of an algebraic 
equation. 

Owing chiefly to the activity of Prof. Carl Runge, 
of the University of Géttingen, a similar process cat 
be applied to a large category of problems, including 
Fourier’s Series, graphical integration, solution of dif 
ferential equations which define the flow of heat, elec 
tricity, etc, adjustment of errors of observation and 
otber problems. Two years ago Prof. Runge gave 4 
course of lectures at Columbia University in whic 
many of his ideas were developed. Since then a cot 
siderable number of young men have been working out 
particular problems connected with it. These are only 
partly available as yet, the only book being one just 
published in German, by Dr. H. v. Sanden, also of 
Gottingen. It is called “Praktesche Analysis.” Other 
volumes of the same series with this same end in view 
are already in the press. Other applications of this 
principle are the extension of the uses of the slide rule 
and calculating machine, and its applications in the 
field of descriptive geometry. 
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ELECTRICAL ENGINEERING, 

Wireless Transmission.—The use of sustained or un- 
jamped waves in wireless transmission has long been 
recognized to offer a large number of important advan- 
tages, but the generation of these waves has always 
een a2 Source of difficulty. To produce an alternator 
of any considerable capacity which will directly gen- 
wate voltages with a frequency of around 50,000 cycles 
jg an extremely difficult proposition due to obvious 
mechanical and electrical difticulties. * 

A great many of these limitations have been overcome 
ip the Goldschmidt “reflection” alternator, such as is 
yw operating in the transatlantic radio station at 
Tuckerton, N. J. 

The fundamental frequency of this alternator is about 
0,000 cycles, but by an ingenious system of reflection 
god resonance between the two windings, the output 

delivered at a frequency of 40,000 cycles. The ma- 
dine is of German construction and especially rigid 

in design. The rotor of the alternator is driven by a 
% horse-power direct-current motor, and weighs about 
fye tons. The speed is about 4,000 revolutions per 
minute, and the air gap is less than 1 millimeter. At 
the normal output of 110 kilowatts, the aerial current 
js approximately 135 amperes, but it is claimed that 
the muchine is capable of generating as much as 200 
kilowa (ts. 

The he apparatus is ingenious in that the tone 
heard in the receiver is the difference tone between 
the transmitted frequency of 40,000 cycles, and a me- 
@anically produced frequency of about 39,500 cycles, 
thus giving a 500-cycle tone in the receiver. It is claimed 
thatthis system, eliminates largely the interference 
from both static electricity and other stations. 

The Nitrogen-filled Lamp.—In these days of such 
mpid advance in the art as well as the science of 
illumination, it would be a fearless prophet who would 
ittempt to predict the future of the new nitrogen-filled 
tugsten lamp. It is not difficult, however, to point out 
afew types of service for which the new lamp is espe- 
dally adapted. 

Since it is in only comparatively large sizes that we 
fod the remarkably low specific consumption of 0.5 
watt per candle-power, we shall look for the first com- 
mercial development in connection with exterior light- 
ing and the lighting of large interiggs. 

The efficiency of the gas-filled lamp increases with 
the diameter of the filament, thus making the high cur- 
rent lamp the first to be put on the market and we find 
them used extensively on the standard 6.5 and 7.5 
ampere lighting circuits. With even better efficiency, 
lamps drawing a current of 20 or more amperes might 
be used on alternating current series circuits with a 
wmpensator or current transformer for each lamp. 

Another important class of work for which the new 
lamp seems peculiarly adapted is in projection lanterns, 
small search-lights and in all places where a steady 
light of high intrinsic brilliancy is desirable. 

Although the gas-filled lamp may replace the present 
type of enclosed carbon arc, it is a question for the 
future to decide whether it can compete with the high 
dliciency ares such as the magnetite and the quartz 
mercury lamps. While the efficiency of the new mazda 
isof the same order as that of these arcs, the cost of 
maintenance is a factor which may be of greater im- 
pertance than the actual specific consumption of the 
lamp. 

It is probable then, that the extent to which the 
hitrogen-filled lamp will be used is largely a matter 
be decided by the cost of manufacture and cost of 
maintenance of several sof the better lamps of to-day, 
and the adaptability of eacn to special types of service. 

The Split Phase Motor—A recent development in 
eigetric traction which is important’ from a technical 
of view/is the so-called “Split Phase Motor.” 
This motor is not a new traction motor but a motor 
Wed as an intermediate step between the line and 
the traction motors and its function is to change single 
phase current into polyphase current. It is not a motor 
gerator set but a straight induction motor run as a 
‘gle phase motor with additional windings so inter- 
conne:ted that polyphase current can be supplied to 
the tractiofi motors. This motor is kept running con- 
tinuously and power supplied to polyphase motors only 
when the car is operated. , 
The polyphase induction motor because of its sim- 
plicity and ruggedness and the possibility of reggnera- 
tion of power possesses ideal characteristics for heavy 
electric traction. The chief disadvantage is the com- 
tex distributing system necessary and the trouble in 
llecting current. The use of the split phase motor 
makes possible the use of polyphase motors with single 
distributing system. 

This system has been adopted on the Norfolk and 
Western R. R.. over the Mountain Division in Virginia. 
The road is primarily a freight hauling road, traffic 
heavy and speed low. This system is ideally adapted 


to these conditions and in this case proved cheaper to 
install. 

The technical journals term this system “The Single 
Phase-Polyphase System.” 

MECHANICAL ENGINEERING, 

First Stumpf Una-Flow Engine Built in America.— 
The development of the una-flow engine promises much 
for the future of the steam prime mover. It is there- 
fore of interest to note the introduction of this engine 
into America. The Ames Iron Works have recently 
constructed the first una-flow engine, to be made in this 
country with the approval of Prof. Stumpf. 

As is commonly known the una-flow engine has ef- 
fected an increased economy because of reduced cylin- 
der condensation losses. This is due to the fact that 
the steam is exhausted at the other end of the stroke 
from that at which admission occurs. Hence the 
steam in entering is not passed over the cooler end 
of the cylinder, lowered, at the end of the stroke, to 
the temperature of the low pressure steam. By elim- 
inating the loss between cylinders, of a compound or 
triple expansion engine, the same power may be devel- 
oped with a una-flow engine having cylinder dimensions 
materially less than those of the low pressure cylinder 
of a multiple expansion engine. The Stumpf engine 
built by the Ames Company shows a reduction of 20 
per celit Im this respect. 

The Fesults of tests on this engine recently published, 
show very significant results. The engine is rated at 
100 kilowatts; its dimensions are 15x16 inches and its 
speed is 250 revolutions per minute. The best econ- 
omies are 12.5 pounds of steam per indicated horse- 
power hour condensing and 16.8 pounds non-condensing 
(superheated steam in both cases). These economies 
are indeed remarkable for an engine of such small 
capacity, but the most significant feature of the per- 
formance lies in the flatness of the water rate curves. 
In varying the load from almost zero to 150 per cent 
of rating the greatest variation is about 2.5 pounds per 
indicated horsepower hour. When the witer rate 
curves of the best multiple expansion engines are con- 
sidered, these results appear to be almost revolutionary. 

Eatension of the Uses of Surface Combustion—We 
first heard of surface combustion, practically applied, 
in the surface combustion boiler of Prof. Bone of Eng- 
lund. More recently, however, the principle has been 
extended with marked success into the field of domestic 
heating and the heating of buildings. 

Briefly, surface or flameless combustion is effected 
by premixing the air and gas and impinging a jet of 
the mixture on a porous surface, in which the combus- 
tion takes place. When gas is burned in flame com- 
bustion, the gas jet depends for its air of combustion 
on the dissipation of gas at the edges of the jet. The 
combustion wave or impulse therefore travels through 
the gas at a relatively slow rate and the combustion is 
both slow and often imperfect. In the case of a mix- 
ture of air and gas the combustion wave travels through 
the mixture at an explosive rate and combustion is 
practically perfect. This is what occurs in surface 
combustion, the process taking place in the pores of 
the surface. The result is merely a glowing of the 
surface, entirely without flame. It is of course neces- 
sary to preheat the surface in order to start the surface 
combustion. This may be accomplished by burning 
the gas in a flame impinged upon the surface before 
premixing begins. It is further evident that the speed 
of the jet of mixture must exceed that at which the 
explosive impulse travels through the mixture, in order 
to prevent back-fire. ° 

One of the most notable applications of surface com- 
bustion is in the heating of rooms. Ordinary heat- 
ing systems depend almost entirely on convection for 
the dissemination of heat through a room. It may be 
seen, however, that the rapid combustion in the pores 
of the surface by this new method, creates heat in 
the radiant form. This is a much more efficient means 
of heat transfer for practically all heating purposes. 
The surface combustion room heaters have the appear- 
ance of a small plate which is generally located in the 
ceiling. This form of heater seems to be meeting with 
marked success. The surface combustion principle is 
also being used now in stoves and for other domestic 
purposes. 

The Humphrey Pump.—No discussion of recent en- 
gineering developments would be complete without men- 
tion of the Humphrey pump, being as it is so radical 
a step in pump design. This subject, however, has 
received so much attention in the technical press that 
the reader is referred te this sourec of information. 

CIVIL ENGINEERING, 

Bridges.—In the field of bridge engineering undoubt- 
edly the most significant development is the use of 
alloy steel, particularly nickel steel, in bridge struc- 
tures. The advance of bridge design has called for 
steel of much greater strength than that of any carbon 
steel. The demand has resulted in extensive research 


ou the properties of alloy steel with the result that 
nickel steel has been adopted quite extensively for this 
class of work. The most notable examples of the use 
of this steel are three large bridges now building, viz., 
the Hell Gate bridge in New York, the new Quebec 
bridge and the bridge at Memphis, Tenn., which spans 
the Mississippi River. The last named bridge is being 
built alongside of the old bridge at that point so that 
an exceptional opportunity is afforded, to contrast an 
old time structure with the most recent design. 

Railroad Engineering.—The most important recent de- 
velopments in railroad engineering may, for conven- 
ience, be grouped under construction, operation, and 
management. 

The construction work in this country has been large- 
ly in the reduction of gradients and curvature and the 
improvement of terminals; the former to reduce the 
cost of transportation and the latter to increase its 
convenience. The former has been largely an economic 
problem, the increased cost of transportation over the 
sharp curves and steep gradients for the heavy trafic 
becoming greater than the interest and maintenance for 
the new construction. 

The latter has involved a large amount of expensive 
grade separation work in reaching the centers of pop- 
ulation to reduce delays due to street travel and to 
increase safety for both the street and railroad travel. 
To quite an extent, this has been forced upon the rail- 


‘reads by public opinion, but it has usually been found 


profitable in the development of suburban business and 
in saving of time and increased safety; but in the con- 
struction of some of the recent large passenger stations 
the economic limit has been passed, even after allowing 
for the advertising value in attracting competitive 
traffic. 

In operation on the low grade lines with heavy traffic, 
the strength and safety of track, limit the speed and 
weight of train. For dense traffic the unit cost de- 
creases with increasing weight which makes a con- 
stant demand for stronger track. A few years ago 
the defective rail was the limiting factor, but thanks 
tu the work of the rail experts and the keen interest 
of: both the rail makers and the rail users, the open 
hearth steel rail of to-day is giving excellent service. 
The tie plate is rapidly coming into use for both safety 
and economy, while the screw spike is being tried 
extensively. It is felt by many that the ballast and 
sub-grade will also require strengthening for any fur- 
ther material increase in wheel loads or in loads per 
foot of track. 

The safety first movement is having its effect on 
those responsible for the operation of trains as well as 
upon those responsible for roadbed and equipment. 

The thorough investigation of earnings which has 
been made in connection with the request for an ad- 
vance in freight rates is having an excellent effect in 
bringing about a study of the economies of operation 
which should result in mutual benefit to the railroads 
and the public, while the physical valuation by the In- 
terstate Commerce Commission may not prove to be 
such a calamity as at first predicted. 


X-Ray Diffraction Patterns 


A CORRESPONDENT of Science, Mr. W. W. Strong of 
the Carnegie Institute, says: 

The diffraction patterns discovered by Friederich, 
Knipping and Laue have been shown to be due to the 
arrangement of the atoms of crystals into planes. These 
patterns are used to indicate the spatial distribution of 
atoms in erystals. 

“An experiment illustrating these patterns can be very 
easily shown to an audience by permitting a beam of 
light to enter a dark room and fall upon the face of a 
diamond such as used in rings. The diamond is held a 
few inches from the hole through which the beam of 
light enters and upon this screen is thrown a large num- 
ber of bright spots very closely resembling the X-ray 
patterns. By moving the diamond to and fro from the 
sereen or by rotating it the form of the pattern can be 
altered. The portions of rays that enter the diamond 
and are reflected from the rear surfaces may show the 
spectral colors. 

“This experiment can be demonstrated to a class very 
easily and should be of some use in explaining crystalline 
structyre.” 


A Shortage of Wood-pulp Threatened 

A REPoRT by the Forest Service of the U. S. Depart- 
ment of Agriculture states that because of the war Eng- 
lish manufacturers and consumers of wood pulp have 
been caused considerable uneasiness. Production is at 
a standstill in the countries at war, and in Norway and 
Sweden, principal sources of supply, mills have been 
greatly hampered because of a lack of coal and chem- 
icals. England has practically no domestic sources of 


pulp. 
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An X-Ray Inspection of a Steel Casting’ © 


Experiments on a Method for Discovering Hidden Defects in Metal / 


By Dr. Wheeler P. Davey, Research Laboratory, General Electric Company : 


Ir has always been true that as soon as a new tool 
is perfected unsuspected applications of that tool 
rapidly develop. This has been especially true in the 
case of the Coolidge X-ray tube. It is planned to pub- 
lish from time to time results of such special applica- 
tions as may come within our experience. Possibly the 
question of observing the “pipe” in a steel ingot by the 
use of the X-ray, thereby being able to determine just 
where the ingot should be “cropped,” may seem still 
somewhat removed, at least in so far as commercial 
applications are concerned. There is no inherent impos- 
sibility in the process however. The case now being 
described is a long step in this direction. It is the 
object of this article to describe in detail what has 
already been done in the way of an X-ray examination 


to strongly suggest that they were indeed the pictures 
of holes in the interior. In the words of the surgeon, 
it was decided “to confirm the diagnosis by making an 
exploratory incision.” A circular, piece, one inch in 
diameter, was punched from the casting at a point 
where one of the radiographs indicated that a blow 
hole should be found. (Location of sample shown by 
circle on Fig. 3.) Figs. 4 and 5 show that the surfaces 
of the casting were entirely free from blow holes at 
the point where the button was removed. Figs. 6 and 
7 show the ends of the hole in the button. 

This has proved, then, that with the proper X-ray 
exposure blow holes or cavities may be disclosed in 
apparently solid metal of considerable thickness. A 
eareful comparison of the X-ray photographs and the 


Fig. 2.—Radiograph of steel casting. 


Some of the imperfections have been chiseled out of the steel. The chisel marks and some remaining imperfections 
show plainly. 


of a certain steel casting of which suspicion had been 
aroused as to its homogeneity when in the machine 
shop. 

The original casting was two and one half inches 
thick and weighed about a ton. When received at 
the Schenectady Works of the General Electric Company 
it had been machined down to approximately the de- 
sired shape and thickness. The amount still to be 
taken from the faces was not more than one eighth 
inch and in some places was only one sixteenth inch, 
but when this was removed it was found that some 
small imperfections had been cut into. These extended 
over an area about five inches long and one and one 
half inches wide. 

The mechanical department at once chiseled away a 
part of the surface at this point, and then sent the 
casting to the Research Laboratory to determine if, by 
means of an X-ray examination, it might be possible 
to reveal still other hidden blow holes or imperfections. 

A Coolidge tube especially made for use on high volt- 
ages was set up in front of that part of the casting 
where the imperfections had been found. An 8 by 10- 
inch Seed X-ray plate was mounted immediately behind 
the casting and the plate was backed by a large sheet 
of lead. The distance from the source of X-ray to the 
plate was 20 inches. The tube was excited by an in- 
duction coil with a mercury-turbine interrupter. The 
current through the tube was 1.25 milli-amperes and 
the potential across the terminals of the tube corre- 
sponded to that sufficient to break down a 15-inch spark 
gap between needle points. The X-ray plate aas ex- 
posed two minutes. At the place where the radiograph 
was taken, the finished casting was about nine six- 
teenths of an inch thick. The radiograph obtained is 
shown in Fig. 2. The casting was then moved eight 
inches and another radiograph made. In this way a 
number of exploratory radiographs were taken through 
different points of the casting. 

All the radiographs thus taken showed plainly the 
tool marks on the surface of the casting. All but one 
showed peculiar markings which were of such shape as 


* Courtesy of the General Electric Review, 


button photographs leads to the conclusion that very 
small air inclusions are made visible; and the fact that 
the tool marks are plainly visible on the X-ray plate 
confirms this fact. 

Such studies point to the desirability of great care 
in metal casting where imperfections, ordinarily invisi- 
ble, are of great danger, and where X-ray analysis or 
some other method is not used to check them. 


Irrigation With Fresh Water from the Sea* 
By E. J. Moynihan 
THERE are many parts of the earth’s land-surface, 


* Read before the South African Institute of Engineers. 


quite near the sea, and at a very low elevation, where 
little rain falls, which are actually or nearly deger 
A great part of the Sahara, certain parts of Australia, 
and portions of South Africa, fall into this category, 
These, and many other parts of the world at a greater 
elevation, now useless for lack of natural water, ang 
so placed that no ordinary irrigation scheme is appli. 
cable, could be transformed into fertile provinces, like 
the irrigated deserts of the Western States of America, 
if a cheap supply of fresh water for irrigation purposes 
could be brought to them. 

It is not necessary to prove that the cost of fairly 
long canals to bring the water to the spots to be 
irrigated is-not- prohibitive. Such canals, for grayj. 


tation systems of“frrigation, already exist, as paying. 


concerns, in large numbers all over the world. In the 
case of water brought from a lower level, it is neces 


LEAD PLATE 


X-RAY FLATE 


20° 


COOL/DGE TUBE 


STEEL CASTING 


Fig. 1.—Diagram of set-up for taking pictures of 
steel casting. Drawn to one eighth scale. 


sary to show that in many cases the cost of pumping is 
not prohibitive either. 

In dealing with the cost of pumping I shall take 
the head of water produced by the pumps to be 50 per 
cent more than the actual height to which the water is 
to be raised. I shall allow roughly for an efficiency 
of 75 per cent in the pumping plant, in addition to the 
absorption of one-third of the energy delivered to the 
water, by the pumps, in friction in the water channels 
Assuming an annual requirement of 2,000 tons of water 
per acre (which is approximately equal to a 20-inc 
rainfall) 100 feet of effective lift calls for the expendi 
ture at the pumps of 

2 x 2000 x 2240 x 100 
33000 * 60 24 365 


Fig. 3.—Radiograph of steel casting showing flaw ip center of casting. 
The circle shows where a piece was later punched from the casting. 
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or approximately one-twentieth of a horse-power year. 
gn a large scale and in favorable situations electric 
power can be produced from coal for less than £5 per 
jorse-power year. The pumping charges for water per 
yre would therefore be, on the above basis, some- 
thing like 5 shillings per acre, which is by no means 
prohibitive. Irrigated land, formerly almost worthless, 
has recently changed hands in South Africa at about 

(900 per acre. The interest on thisevalue at 5 per 
cnt would pay forty times the annual charge which I 
have calculated. 

This annual charge might in the future itself easily 
be reduced to a fifth of the figure I have taken. If 
this is done, irrigation at an elevation of 5,000 feet 
with water pumped from sea level would be practi- 
cable. With modern improvements in gas-making and 
the attention that is being paid to the recovery of 
the waste products in the gas-making process it is 
quite conceivable that the power-gas might become the 
“yaste-product.” The present type of gas engines are 


capable of very great advances in thermal economy. 
It would require no very great improvement of this 
kind to bring down the fuel consumption to % pound 
of carbon or coke per electric brake horse-power per 
At 5 shillings 


hour, or less than 3 long tons per year. 


Chemical means I shall reject for the purpose of this 
paper, because, in the first place, I don’t know enough 
chemistry ; and in the second place, it is only necessary 
to show the feasibility of physical methods. 

A simple physical method of purifying salt water is 
to distill it. To make this commercially practicable it 
is necessary to do one of two things. The first is to 
have a large source of heat available at low cost. The 
second is to adopt such a method of distillation that 
the latent heat of evaporation is practically all recov- 
ered from the latent heat of condensation. I will show 
that both these methods are practicable. 

The cheap source of heat for the first method is in 
the sea itself. It is known, but not generally known, 
that the temperature of sea water varies considerably 
with depth. The variation differs in different places; 
but it may be taken as averaging something between 
4 deg. and 15 deg. Fahr. per 100 fathoms of depth. 
There are therefore many places where unlimited sup- 
plies of water are available at temperatures differing 
by, say, 5 deg. Fahr., the warmer water being on the 
surface and the colder water at a depth of from 30 
to 60 fathoms. These spots should be prospected for. 
In Summer, when irrigation water is most needed, the 
temperature gradient is very much steeper than the 


Fig. 4.—Photograph of top surface of casting at 
place where piece was punched out. 

Note that no imperfections are visible. The U is a punch 
mark to identify top of piece cut out. 


Fig. 6.—Photograph of one edge of button which 
was cut from the casting (see Fig. 3), showing 
position of hole. Button was 9/16-inch thick. 


aton the cost of fuel for power would be reduced to 
lb shillings per annum per horse-power, or about one- 
tixth of the £5 per horse-power year that I have 
taken above. This reduced figure takes no account of 
by-products on the one hand or capital charges on the 
other. These two items might easily balance one 
another. 

To bring great supplies of water from a distance im- 
plies the use of very large channels, which are very 
expensive if made artificially. In the case of supplies 
brought from the sea, where the water is to be raised 
from a lower to a higher level, these channels are there 
ilready in the existing streams. All that is necessary 
is to dam them cheaply so as to give moderate lifts 
of, say, 4 or 5 feet, at the narrowest parts of their 
@urses. The flood water of the rivers could then be 
attly stored in up-country irrigation dams, and partly 
illowed to go out to sea to prevent “silting-up.” The 
Pumping stations would be advised by telegraph or 
telephone in advance of the arrival of the floods, or 
‘utomatically controlled, so that they would do no un- 
tecessary work. 

The streams, treated in this way, would also serve 
for the cheap transport of fuel and other material, in- 
duding such parts of the crops produced as were in 
% need of hurried travel. At even two miles an hour, 
goods would only take about four days to travel 200 
Miles, which is not so very much slower than the 
‘tual rate of travel for coarse goods over similar dis- 
lances, when truck demurrage is taken into account. 
By adopting a system with automatic loading and dis- 
charging, the expense of bringing coal to the pumping 
tations would be reduced to a very low figure. At 
the speed proposed 1 horse-power hour will do about 
% ton-miles gross, against a 2-mile current. 


I now come to the proposed means of turning salt - 


a into fresh water so cheaply as to make the scheme 
practicable. 
There are many possible solutions of the problem. 


Fig. 5.—Photograph of bottom surface of cast- 
ing at place where piece was cut out. 
Note that no imperfections are visible at the surface. 


Fig. 7.—Photograph of edge of button opposite to 
that shown in Fig. 6. 


above figures show, especially in hot latitudes. In 
the English Channel, at Station E,, in August, 1904, 
the gradient was about 8 degrees for 8 fathoms. In 
the Central Pacific a difference of 30 degrees has been 
observed for 100 fathoms. In the Red Sea the condi- 
tions are probably similar to those of the Pacific. It 
is therefore probable that for those months in the 
year in which water is most needed there are suitable 
places near shore where a temperature difference of 
5 degrees exists in very moderate depths of water. It 
is hardly necessary to tell engineers that under these 
conditions it is easy to evaporate the water at the 
higher, and to condense it at the lower temperature. 

As we have to deal with very small differences of 
pressure the condenser plates inay be made of very thin 
metal, as thin, or thinner than an ordinary sheet of 
galvanized iron. 

With suitable circulating methods each square foot 
of condenser surface. would produce about 2 pounds of 
condensed water per hour for a temperature difference 
of 4 deg. Fahr., or roughly 8 tons per year. For the 
2,000 tons assumed as the requirement per acre 250 
square feet of condenser surface at 6d. a foot would 
mean a capital expenditure for condenser surface of 
£6 5s. per acre to be irrigated. 

The calculation of the surface required is based on 
the assumption that about 500 heat units are trans- 
mitted per square foot of condenser surface per hour 
per Fahr. degree of temperature difference. With 
proper design and circulating arrangements it is pos- 
sible to increase this figure to more than 3,800, or 
more than seven times as much. (See foot-note p. 593 
of ‘The Steam-Engine,” by Perry.) This would reduce 
the capital cost for condensing surface to less than £1 
per acre to be irrigated. 

With the use of rivers as main irrigation channels, 
as suggested, there would be no need to take channel 
evaporation into account, as the natural flow of the 
rivers already accounts for this, and the back-percola- 


tion of the water from the irrigated land to the river 
channels would also offset the evaporation. 

An evaporation plant based on the above facts and 
tigures would necessarily deal with very large quan- 
tities of water, in order to be a payable proposition. 
The intakes for the circulating water would have to 
deal with such quantities of water as pass out to sea 
by small rivers. But as their cross-section would be 
comparable with that of rivers, so the friction-head 
required for circulating purposes would also be of the 
same order, or something like a head of 1 inch for 
100 feet of conduit. The stresses on the conduit would 
also be as nearly negligible as the difference in pressure 
between the outside and inside of the pipe. The ma- 
terial of which the conduit was made could therefore 
be quite inexpensive. The condenser plates could be 
immersed in the water at the top of the conduit itself. 
Assuming that the condensation water only took up 
one heat unit per pound of water condensed and that 
the pumping head required would be as much as 3 
inches, the work done on the condensation water by 
the turbo-bumps would be equivalent to lifting the con- 
densed water 250 feet. This I have already shown, by 
implication, not to be financially impracticable. The 
work to be done at the distilling plant on the condensed 
water is still less so, being only a small fraction of 
the work done on the condensation water. The total 
pumping work to be done at the evaporator calls for 
aun expenditure of from 6 shillings 3 pence to 25 shill- 
ings for power per acre irrigated, with power costing 
from 50 shillings to £10 per horse-power year. 

The second method of distilling the water consists 
of increasing the pressure and therefore raising the 
temperature of the distilled vapor or the water to be 
distilled by mechanical means, such as a compressor- 
turbine, and condensing the vapor in a surface con- 
denser, the condensation water being the same water 
that is being evaporated. In this way the whole of 
the latent heat of condensation is returned to the water 
which is being condensed. The net amount of heat 
supplied mechanically depends on the difference of tem- 
perature between the condensed water and evaporated 
water. 

Taking this as 4 degrees, the net amount of heat 
is substantially 4 heat units per pound, or about 9,000 
heat units per ton of water evaporated. With an effi- 
ciency of 25 per cent over all, in the gas-engines and 
mechanical arrangements, less than 3 pounds of carbon 
would therefore be consumed to distill 1 long ton of 
water. With a requirement of 2,000 tons of water per 
acre irrigated, the carbon consumed annually per acre 
is slightly less than 2.7 tons, costing, at 5 shillings 
to 20 shillings a ton, from about 13 shillings 6 pence 
to 54 shillings per annum for fuel. The fuel bill could 
be proportionately reduced by reducing the temperature 
difference. 

With this second method of distillation, no works 
would be necessary in the sea itself. The apparatus 
would all be inshore with a canal leading water to it 
from the sea at one end and taking water away at the 
other. One great advantage of this second method of 
distillation is that much less water has to be han- 
dled than in the first. Practically, all the water re- 
quiring handling is that required for distillation and 
irrigation. The latent heat withdrawn from the water 
distilled being practically all returned to it in the 
act of condensation, the natural tidal circulation is 
sufficient to renew the main body of water dealt with 
rapidly enough to carry the increasingly saline water 
out to sea. Taking capital into account, this second 
method is probably cheaper than the first method of 
utilizing the heat in the sea water itself. 

The second method has other conveniences. It can 
be run profitably on a much smaller scale than the 
first, it calls for less capital expense, and it can be 
used to produce water all the year round under almost 
uniform conditions. This would allow of deeply 
ploughed ground being cultivated on a system combin- 
ing the advantages of dry-farming and irrigation in 
such a way that the water could be used, evenly, as it 
was produced, all the year round. 


Impact from Flat Wheels 

Tests have been made at the Purdue University to 
determine the effect of impact resulting from flat wheels, 
and the investigations covered spots of varying sizes 
and wheels running at different speeds, and with vary- 
ing loads. It has been found that an imperfect wheel 
with a 3-inch flat spot strikes the track with an impact 
of 104,000 pounds when the car is going 16 miles per 
hour and is carrying a load of 20,000 pounds. It was 
also found that under similar conditions a flat spot 
only 1% inches in length produced a blow of 20,000 
pounds, and the impact for spots 2 inches long was 
25,000 pounds. A standard freight car was mounted in 
the test laboratory and special apparatus, including an 
instrument which recorded photographically the magni- 
tude of the blows, was employed to collect test data. 
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The European War and Potash Supplies 


A Consideration of the Possible Sources of Material for Home Manufacture 


In the closing years of the eighteenth century, when 
the French revolution was at its height, conditions 
in France as regards the supply of soda bore a curious 
resemblance to the situation in America to-day as re- 
gards our supply of potash, the political conditions 
being of course very different. France was wholly de- 
pendent on Spain for barilla, a variety of soda ash 
made by burning saitwort and sea plants, and also 
imported large quantities of Spanish potash. Commer- 
cial intercourse between France and Spain had ceased 
on the outbreak of the revolutionary war, and all the 
potash which France produced was required for the 
manufacture of saltpeter and gunpowder in this emerg- 
ency. The National Convention made an appeal to the 
chemists of France to devise a process in which com- 
mon salt might be made available as a source of soda. 
The call was heard by an obscure chemist, Nicolas 
Leblanc, who came forward with a process for the con- 
version of sodium chloride into sodium carbonate that 
has made his name an immortal one in the annals of 
chemistry. The Leblanc process has never been entirely 
superseded; indeed new plants are constantly being 
estgblished, despite the superior advantages of the Sol- 
vay process for most purposes in the production of car- 
bonates of soda. 

Now that the supply of German potash for agricul- 
ture and industrial uses has been cut off completely 
by the European war, a situation has been created in 
the United States not very dissimilar to that which 
prevailed in France in revolutionary days, and fame 
and fortune await the American inventive genius who 
will arise to solve the great problem of producing 
potash economically and abundantly from the potash 
rocks, brines, and bitterns native to the United 
States. Leblanc achieved fame, but died a pauper. 

The primitive product of the lixiviation of wood 
ashes, known for centuries as potash, is not an article 
with which twentieth century chemists can lay claim 
to much, if any, familiarity. The article supplied in 
sticks—potassium hydroxide—is what is recognized as 
potash in the laboratory. Our forefathers knew the 
wood ash product better, and there are doubtless many 
now living who can recall early days on the farm when 
potash was collected for domestic soapmaking by the 
simple process of leaching the ashes of burnt hickory 
or other logs. A century or more ago, however, when 
vast natural forests existed and the value of lumber 
was little more than that of the labor of felling it, 
the manufacture of potash from wood ashes was an 
industry of considerable importance. 

Although potash is still manufactured from the 
ashes of wood in the forests of Northern Michigan and 
in portions of the provinces of Canada, the quantity 
so produced is negligible and finds use in a local way 
only. 

The German potash industry dates from 1861, when 
the first factory for refining crude potash was estab- 
lished by Prof. Adolph Frank at Stassfurt. Stassfurt 
has been known for its salt industry for more than 500 
years, the records of the town showing that a guild of 
saltmakers had worked the salt beds of the district 
as far back as the thirteenth century. At the time the 
deposits were taken over by the Prussian government 
in 1798, and some time later worked on a commercial 
scale, the potash was treated as a useless by-product, 
but the researches of Justus von Liebig in agricultural 
chemistry in 1860, having established the fact that 
plants depend for their nutrition on the existence in 
the soil of nitrogen, potassium, and phosphorus in cer- 
tain definite proportions, and that it was useless to feed 
a plant on nitrogen and phosphorus unless the right 
proportion of potash was also supplied, intensive in- 
ventive work was begun to discover sources of soluble 
potash. Liebig’s discovery had the effect of directing 
efforts to the extraction of the potash from the salt 
beds at Stassfurt as a main product, and this was suc- 
cessfully accomplished after the establishment of the 
factory by Frank. The potash salts were henceforth 
worked exclusively and salt became the by-product. In 
this way was developed the great German potash indus- 
try on which the whole world is now dependent for 
its supply of soluble potash for use in agriculture and 
the industries. 

At the outbreak of the war Germany was exporting 
annually to the United States 1,115,505 tons of potash 
for use as fertilizer and in the manufacture of chemi- 
cals, this representing about one tenth of the annual 
output of the German mines, which exceeds eleven 
million tons, 


By Thomas J. Keenan 


The German potash minerals are now mined over a 
large extent of country, and it is no longer accurate 
to speak of them as “Stassfurt deposits.” Reaching 
to a depth, from the top of the Opper to the bottom 
of the lowest stratum, of some 5,000 feet, the beds un- 
derlie a tract of country extending from Stassfurt to 
Thuringia on the south, to Hanover on the west and 
to Mecklenburg on the north; while deposits were dis- 
covered and mines opened a few years ago in Alsace 
near Miilhausen, where the German troops are now 
repelling a French invasion. 

Notwithstanding the apparently inexhaustible extent 
of the German salt deposits they are really insignificant 
compared with the abundance and variety of potash 
rocks (feldspar, etc.), which occur everywhere in the 
earth’s crust. It is their solubility in water and conse- 
quent ready amenability to chemical treatment which 
gives the German salts their great industrial import- 
ance, and makes it appear altogether impossible for 
any other known sources of potash-containing minerals 
to compete successfully with them. Deposits similar 
to the German have lately. been discovered in Spain, 
and, if they prove to be as soluble and as accessible, 
competition may be expected, but adequate reports on 
this source of supply are not available at the present 
time. 

Although German.potash is not contraband of war 
and none of the nations at war objects to its movement 
in neutral ships, it has not been possible to move it 
from the mines and storehouses to the coast on account 
of the monopolization of railroad and river traffic by 
the army and navy, so that not a ton of potash has been 
shipped to the United States since hostilities started 
last August. 

Potash has a wide and necessitous use in many fields 
of industry besides pharmacy—in agriculture, glass 
manufacture, and soapmaking, to mention some of the 
more important. The serious problem now confronting 
the country is to find substances that will yield water- 
soluble salts of potash in sufficient abundance to pro- 
vide relief from the deprivation of the German supply 
and at the same time put our farmers and chemists in 
a position of economic independence for the future. 

The mineral sources of potash include the salts and 
brines found in the lake basins of the arid West, not- 
ably in Utah, Nevada and California; the mineral alu- 
nite, a double sulphate of potassium and aluminium, 
lately found near Marysvale in Utah; and certain 
natural silicates or potash-bearing rocks, as feldspar, 
ete. Although a great deal has been published concern- 
ing potash mines and deposits in Nevada, no one out 
there appears to have ever heard of their being worked. 

Kelp, or seaweed, contains a notable quantity of pot- 
ash in combination with chlorine, and the stretch of 
giant alge groves on the California coast are rich in 
potassium chloride, being estimated to contain up to 30 
per cent of potash in the ash, and in some cases up to 
2 per cent of iodine, which substance it is considered 
would largely pay the cost of production of the potash. 

The most promising source among the lake beds of 
the West is Searles Lake in San Bernardino County, 
California. Borings show that the deposits in this 
lake bed consist of a mass of salts about 70 feet 
thick. These salts are made up of sodium chloride. 
The structure of the mass reveals a coarsely crystal- 
line and honeycombed form, the spaces being filled 
with brine. Below a salt bed extending down for a 
distance of 23 feet, a brine is found which analyses 
about 4% per cent of potassium chloride. A plant has 
been recently started for the extraction of the potash 
by a spraying and evaporating process. This is ex- 
pected to have an output of 120 tons a day when work- 
ing at full capacity, but the entire deposit, according 
to Government estimates, amounts to only 600,000 tons 
—less than a year’s supply! 

A promising source of potash as a by-product is the 
Portland cement industry. By replacing the clay ordi- 
narily used in cement manufacture with finely ground 
orthoclase or potash feldspar, it would be possible to 
obtain as a by-product a quantity of potash equal to 
about one million tons a year. Any granite rock, gneiss, 
feldspar, or phonolite would do as a substitute for clay 
in this process. All that is necessary would be to grind 
the rock, mix it with limestone and heat the mass to 
a higher temperature than is ordinarily done in cement 
work, or say, 1,400 deg. Cent. The potassium is driven 
out by the lime, and converted into a carbonate, more 
or less mixed with impurities from the cement, but 
easily soluble and readily refined. The product obtained 


by this process is said to yield 65 per cent of K,0, 

Among the minor sources of potash that might be 
worked for industrial purposes, for the manufacture of 
pharmaceutical salts, etc., the waste liquors from the 
manufacture of beet sugar are worthy of note. Som 
15,000 tons of potassium salts are obtained annually 
in Germany from this source alone, and as Prof. Lloyd 
has pointed out, the waste liquors of the French beet 
sugar industry were at one time a fairly good source 
of potash, large quantities of a crude carbonate o)taing 
in this way being at one time imported by Americay 
chemical manufacturers. On the assumption that the 
molasses of the American beet sugar industry contaiy 
the same proportion of potassium that is present iy 
the German and French sugar beets, there would seem 
te be an opportunity in this country for the exploita. 
tion of potash manufacture as a by-product of this 
industry. Beet molasses, or the residues left afier the 
extraction of the sugar, contain the total potast: salts 
of the root. This material is either charred directly, 
yielding schlempkohle, or it is desaccharized, «r fer. 
mented and the final liquors (vinasse or schlempe\ from 
these processes are evaporated to dryness and the resi- 
due calcined to a black porous mass which, after «ppro- 
priate treatments, yields a product containing about 
85 per cent K,CO, and 8 per cent Na,CO,. 

It has also been suggested that the waste liquors of 
the sugar industry in the South might be utilized asa 
source of potash, but it is not known how large « yield 
might be expected, or if the process of extraction could 
be operated so as to prove a commercial success. 

An interesting source of potash is sheep’s woul. In 
the internal economy of the sheep, the potash inzested 
by the animal as constituents of the roots, herbs, and 
grasses on which it feeds, is excreted mostly as sweat, 
one third of the weight of raw merino wool being said 
to consist of potassium compounds. No attem)t has 
been made in American sheep-raising districts to save 
this potash, though in France as much as 1,125 tons of 
wool potash are produced annually by several wool- 
washing plants. Wool yields about 160 grammes to 1 
grammes of potassium carbonate per kilo of combed 
wool, or from 16 to 19 per cent of potash. The raw 
wool is washed with cold water, whereby the potash 
soaps, with some of the neutral fat and cholestrol, are 
extracted. The solution is evaporated to dryness and 
calcined, giving a residue containing about 85 per cent 
K,CO, the remainder being Na,CO,, together with K,S0, 
and KCl. 

Among plants the ashes of which are particularly 
rich in potash, sunflowers, tobacco, and fumitory may 
be mentioned. Potassium carbonate once went by the 
name of salt of wormwood, the ashes of this plant being 
largely used at one time for its production, just as it 
was called salt of tartar from the fact that cream of 
tartar was once employed as the source of a pure 
article. In a table published in Crooke’s translation of 
Wagner’s “Chemical Technology,” the following figures 
are given of ash and potash yields of 1,000 parts of 
the woods named : 


Wood. Ash. Potash. 
3.40 0.45 
Beech ....... boeken 5.80 1.27 
13.50 1.50 
28.00 2.85 
ferme 36.4 4.25 
Wormwood ........ 97.4 73.00 
Fumitory .......... 219.0 79.90 


Familiarity with the extent of the available supply of 
potash in Germany, and the cost of production there, 
leads to the conclusion that it would be a_ hopeless 
undertaking to attempt competition with our present 
resources. If 150 of the mines now worked in Ger 
many were to cease producing potash, enough would 
be available in the forty remaining mines to supply the 
world’s requirements. It is said that the best grade 
of potash sold could be mined, refined and delivered 
at the port of New York for about $8 a ton and still 
clear a profit, if the authorities in control of the mines 
were compelled to do so by stress of competition. The 
price paid in cargo lots by American consumers of this 
grade of potash is from $33 to $35 a ton. The price* 
realized explain why the Kali Syndicate is able to 
expend a million dollars a year in advertising, one 
fourth of which is spent in propaganda work in the 
United States. 
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SCIENTIFIC AMERICAN SUPPLEMENT Na. 2040 


Discoveries About Bacteria’ 
A Simple Description of What They Are and What They Do 


. 

Tue London newspapers are afflicted by a dangerous 
eagerness to provide their readers with short articles 
announcing “something new.” I am sorry to say they 
are sometimes not very particular as to whether their 
announcements, when relating to matters of physical 
science, natural history and medicine, are true. It 
would take up much space were I to give a complete 
list of the items of rubbish which are now being daily 
foistel on the newspaper reader by ignorant writers, 
who ure encouraged by some newspaper proprietors to 
write “smartly” and “informingly” about scientific and 
medical subjects of which these writers are ignorant, 
and concerning which they make outrageous blunders. 

I will here notice only one of these recent misleading 
announcements. It relates to a subject which, when 
properly dealt with, may be of great interest, but can 
easily be made a meaningless absurdity. A paper com- 
muni-ated to the Academy of Sciences of Paris by Dr. 
Roux, the director of the Pasteur Institute, was written 
by Madame Victor Henri, and describes some observa- 
tions made by her and M. Victor Henri in the labora- 
tory of Dr. Borrel in the Pasteur Institute, with regard 
to the change of character caused by the action of ultra- 
violet rays of light acting on the bacterium known as 
“Bac llus anthracis,” which is the minute microscopic 
“germ” or infective parasite causing the deadly disease 
known as “splenic fever,” “anthrax,” or “charbon” in 
cattle and sheep, and as “malignant pustule” in man. 
This little paper is an interesting contribution to the 
subject. But somehow or other its title attracted the 
attention of the Paris “news purveyor,” and accordingly 
we had it announced by telegrams to London papers as 
a wonderful, revolutionary, epoch-making discovery, 
whic!) must at once be proclaimed to the British citizen 
at his breakfast table. He was naturally inclined to 
ask, “Who on earth cares if the ultra-something rays 
do act somehow or other on bacillus, what’s its name?’ 
Since most people must be, as no doubt was desired, 
mystified by the announcement, and some, perhaps, 
soothed by its phraseology as by the blessed word 
“Mesopotamia” (in fact, as we may Say, “mesopotami- 
fied’), I will endeavor to state in plain terms what it 
really amounts to. 

The name bacterium—meaning a short rod—-was ap- 
plied a hundred years ago to a common rodlike miscro- 
scopic form (often only one twenty-thousandth of an 
inch long and a third of its length in breadth) occur- 
ting by millions in putrefying vegetable and animal 
refuse, and well known to all who used high powers of 
the microscope to explore natural waters, such as 
ponds and sea-pools. They were first seen and described 
230 years ago by the Dutchman Leeuwenhoek, who 
found them in millions in the human mouth! Each rod 
multiplies by dividing, as it increases in length, into 
two. From a single rod many millions are thus pro- 
duced in the course of 24 hours. The Austrian botanist 
Nigeli, about sixty years ago, gave them the name 
Schizophyta, or “splitting plants,” on account of this 
mode of rapid multiplication. According to the nature 
and abundance of the material (animal and vegetable 
refuse) in which they are growing, they assume differ- 
ent simple forms. Some grow into long hair-like fila- 
ments before splitting into small, rod-like bits; others 
break up into tiny spheres, called “cocci,” or “micro- 
cocci,” others take on a spiral, or corkscrew, form, and 
are called “spirilla,” and break up into little curved 
bits called “commas,” or “vibrios”’; while others, rod- 
shaped like the original “bacteria,” but a little longer 
in proportion to breadth, are known as “bacillus.” Often 
they are motile, being provided with one or more exces- 
sively delicate vibrating threads of protoclasm, which 
keep them in constant and rapid movement. The same 
kinds will, under certain conditions, cease to move, and 
throw out as they grow and multiply an abundant jelly, 
in which they are embedded. Most of them can with- 
stand the effects of the drying up of the moist matter 
in which they grow, and are blown about as dust, ap- 
parently dead, but revive into active life when they fall 
into liquid, or on to a moist surface. Consequently, they 
are ubiquitous, and we know of hundreds of kinds of 
them occurring in almost every imaginable position 
where their proper nourishment, namely, the moist sub- 
stance of living or dead animals or plants, can be found. 

Not only can they resist the temporary suspension 
of their life by dryness, but some are not killed by ex- 
posure to the heat of boiling water for some minutes, 
thongh most are killed by heating to that or a somewhat 


- * The Daily Telegraph. 


By Sir Ray Lankester, K.C.B., F.R.S. 


lower temperature. Great cold, even that of liquid air, 
does not kill them, but suspends their life, so that they 
recover with increase of temperature. Strong sunlight 
kills them, some kinds more quickly than others. They 
are chemically altered and soon “killed” by the invisible 
ultra-violet rays which accompany the light rays which 
act upon our eyes. Those rays are given out by the sun 
and by many other incandescent or light-producing 
bodies, such as gases and the vapors of metals heated 
in the electric are of “electric lamps.” But, of course, 
these rays do not in natural conditions fall on to the 
“bacteria” which are concealed beneath the surface of 
opaque masses of refuse, in mud and inside living ani- 
mals and plants. 

The bacteria are not only excessively minute, but the 
simplest of living things in visible structure. They are 
just rods or granules of living protoplasm, with a dense 
surface and a granule or two or a liquid-holding space 
within. They do not possess the peculiar active central 
kernel or’ nucleus which is characteristic of the proto- 
plasmic cell-units of animals and plants. Nevertheless, 
they have the most prodigious chemical powers and an 
astounding variety of such power. They do not feed as 
green plants do by decomposing carbonic acid with the 
aid of that real marvel “leaf-green,” or “chlorophyll” ; 
they do not take carbon from carbonic acid and nitrogen 
from nitrates. Nor are they limited to the albuminous 
substances of flesh and of plants for the necessary ni- 
trogen of their food, as are all animals. They have 
very special and varied powers of “digestion,” like those 
of the molds, yeasts, and fungi—the colorless plants. 
They do not “digest” their food as animals do, by taking 
bits of it inside them and there chemically operating 
upon it. Their food does not “get into” them as does 
that of animals, but they “get into” it. They set up 
most remarkable and definite chemical changes in the 
animal and vegetable refuse in which they multiply, 
changes which may be compared with those effected in 
the stomach and intestines of animals where they are 
called “digestion.” Gradually chemists are getting to 
know the nature of some of the digestion-like changes 
produced by different kinds of bacteria. But their full 
discovery requires the greatest skill and delicacy of 
experiment, and has yet to be attained. The chemical 
action exerted by another class of minute vegetable 
organisms, the “yeasts,” when they cause “fermenta- 
tion,” breaking up the sugar of malt in the brewer's 
vat into carbonic acid and alcohol, is similar to the 
chemical action of many bacteria. They feed and mul- 
tiply in the process of chemical fermentation, which 
they cause, just as the yeast plant does. Putrefaction, 
with its accompanying foul-smelling gases and destruc- 
tion of dead animal and vegetable matter, is a fermen- 
tation caused by bacteria, just as the production of 
alcohol and other bodies from sugar is the fermentation 
caused by beer-yeast. 

All the dead bodies and waste excreta of all animals 
and all plants on the surface of the globe are thus 
broken-up by bacteria. Putrefaction and decay is the 
result of life, the life of bacteria, and not of death. 
All bad smells, except those made by chemists, are made 
by bacteria. If there were suddenly a destruction of 
all bacteria, the earth’s surface would be encumbered 
by the unchanged bodies of its animals and plants, as 
they died and accumulated. Not merely that, but all 
the carbon and nitrogen would be fixed and “held up” 
in those dead bodies—for the putrefaction caused by 
the bacteria is carried on step by step—until those 
essential elements are returned to the water and the 
soil of the earth as carbonic acid and nitrates. The 
green plants must have the carbon and nitrogen of their 
food in the stable, simple, soluble chemical compounds 
ealled carbonic acid and nitrates. They cannot feed on 
the carbon and nitrogen built up into the fat, sugar, 
and albumens of other plants and of animals. If these 
were not chemically broken down by the bacteria into 
carbonic acid and nitrates, the green plants would cease 
to exist, and so would the vegetarian animals which 
feed on them, and the carnivorous animals which feed 
on the vegetarians, and there would be an end of the 
whole world of life! The bacteria are the necessary 
agents for keeping the carbon and nitrogen in circula- 
tion, breaking the complex chemical compounds of the 
bodies of animals and plants down to the simple cor- 
bonic acid and nitrates, and so returning them in the 
necessary state of simplicity to the primary builders-up 
of living substance—the green plants. 

Among the important chemical operations of bacteria 


are the bringing about of “oxidation” or combination of 
oxygen with other substances. Different kinds of bac- 
teria—separable to some extent by their shape and 
growth as seen with the microscope, but more clearly 
dangerous by picking them out from their fellows by 
means of “cultivation,” sowing them like seed on nour- 
ishing films and isolating them, and then testing their 
properties—are responsible for different chemical opera- 
tions. Some require the presence of free oxygen for 
their growth, others can do without it (and are called 
an iierobic), some will flourish in weak acid fluids, 
others are killed or arrested in growth by acid and re- 
quire alkaline fluid. Some live in the soil or in the 
waters of the sea, in rivers, or pools, others live on the 
surface of the bodies of plants and of animals; others 
inside, in the mouth, in the intestines, or in the blood 
and tissues of animals, or in the juice of plants. Be- 
sides the commoner putrefactions which we recognize 
by their unpleasant smells, there is a kind of bacterium 
which makes “sour milk,” that 
of milk into lactic acid; 
vinegar, converting alcohol 


is, converts the sugar 
another to which 
into acid; another 
which gives flavor to cheese by producing butyric abid ; 
and others producing other flavors. Others of great 
importance are first one which breaks down organic 
matter already made putrescent by other bacteria, into 
ammonia (familiar through the smell of “stables”) ; 
another which oxidizes ammonia into nitrous acid; and 
another which oxidizes nitrites into nitrates. These are 
of essential importance in agriculture and in the change 
of sewage and natural refuse into food for green plants. 

While they are ubiquitous and aetive and essential in 
a thousand ways in the world around us, the bacteria 
have a more personal interest for us when they operate 
on and in our bodies. They cause fermentations and 


we owe 
acetic 


produce various and often deadly poisons within us. 
The is full of them, one-third of the solid 
matter in it being “bacteria,” and these of many kinds, 
some harmless, some producing injurious poisons from 


intestine 


the undigested food which may be absorbed into the 
blood. 
fever, cholera, diarrheea, diphtheria, erysipelas, glanders, 
anthrax or malignant pustule, pneumonia, influenza, 
common catarrh, leprosy, tubercle, infantile paralysis, 
and others have within the lifetime of many of us been 
shown to be due each to a specific kind of basterium 


The diseases known as septic poisoning, typhoid 


producing specific poisons by its life processes and the 
chemical fermentations which it sets up in this or that 
part of the body. 

The question has naturally arisen—is each of these 
enormous and terrible array of bacteria a different 
kind—that is, a different species? Or can one kind be- 
come changed and altered in its character and activities 
by change of conditions, so that possibly a harmless, 
non-poisonous kind of bacteria, living outside the body, 
might become altered by parasitic life, and change into 
one that is deadly and poison producing? During the 
past thirty years experiments and investigations on this 
question have been constantly carried on. One of the 
earlier (due to Biichner) was that the 
anthrax bacillus is the same organism as that common 
in hay, the hay bacillus, which it much resembles in 
form and growth. But, after careful experiment, the 
supposition has not been confirmed. Experiments on 
the possibility of altering the form and the chemical 
activity of bacteria by growing them in novel conditions 
have been numerous. It was discovered by Pasteur that 
by growing certain parasitic, disease-producing bacteria 
—outside the body, in the presence of exygen—their 
virulence as poison producers could be greatly dimin- 
ished. Recently a paper was communicated to the Royal 
Society by Mr. Revis showing that the commonest bac- 
torium in the intestine of man, known as “bacillus coli,” 
ean be completely altered, both as to its appearance and 
chemical activity, by cultivating it outside the body in a 
broth to which a small quantity of an organic chemical 
compound, known as malachite green, had been added. 

The effect of temperature and of light on particular 
kinds of bacteria, as well as of the presence of various 
chemical substances in the cultivation, have been made 
the subject of experiment during the past twenty years, 
but has not advanced very far. Hence the experiments 
made by Madame Victor Henri on the action of the 
ultra-violet rays of a mercurial vapor lamp in modify- 
ing the mode and form of growth of the anthrax bacil- 
lus and its power of setting up the recognized symptoms 
of the disease known as anthrax are a weleome con- 
tribution to the general inquiry. 
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The gigantic rock folds in the Canadian Rocky Mountains sculptured by ice. 


The Origin of the Rocky Mountains 


As Told by Evidence Gathered by the Geological Survey of Canada 


Tus elevated and mountainous tract which borders 
the western portion of North America is made up of a 
parallel mountain systems, which trend 
horthwest and southeast and hence parallel in a gen- 
eral way the corresponding Pacific coast line. This 
tract, known as the North American Cordillera, has a 
width of four hundred miles in southern British Co- 
lumbia. 

In an endeavor to describe the origin of the Rocky 
Mountains it may be well to precede the discussion by 
a general analysis of the North American Cordillera 
in Canada. This has been admirably done by Prof. R. 
A. Daly, whose monumental work on the geology of 
these mountains has just been published. The basis 
for the classification of the Cordillera is the great topo- 
graphic or geographic breaks which cut it up into dis- 
tinct mountain systems. These geographic breaks are 
expressed in the form of longitudinal valleys which 
are remarkable features of the Cordillera and, as far 
as present knowledge goes, they coincide with the great 
structural breaks on which a genetic classification of 
mountains should be based. 

On approaching the Cordillera from the east the first 
range of the Rocky Mountain system rises from the 
monotonous plains in a long, abrupt line of serrated 
peaks, flanked at the base by a low range of foothills. 
This system extends from Montana to the Arctic Ocean, 
in the form of an elongated chain composed of three 
major segments, arranged in echelon, in which each 
successive northern segment is, as it were, stepped to 
the west. Each segment is composed essentially of 
a remarkable system of parallel ridges, whose strike 
corresponds to the general trend of the main range. 
The average width of the Rocky Mountain system in 
Southern British Columbia and Alberta is about sixty 
miles, while at the Liard River it apparently loses its 
regularity and importance, only to again assume the 
same character farther north. In British Columbia 
and Alberta many peaks exceed 10,000 feet, while the 
average elevation ranges between 8,000 and 9,000 feet. 

On the west of the Rocky Mountain system occurs the 
Great Rocky Mountain trench, a continuous geographic 
break, recognized from Montana as far north as Alaska, 
crossing the international boundary line in the vicinity 
of Dawson. In the southern part of the Cordillera in 
Canada, the Purcell Range—an elliptical-shaped mass 
of rugged mountains, occurs west of the Rocky Moun- 
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tain trench. Separating the Purcell system on the 
east, from the Selkirk Range on the west, is the Pur- 
cell trench in which occur Kootenay River and Koote- 
nay Lake. West of the Selkirk Range and separated 
from it by the Selkirk valley, comes the Columbia 
system. The last three systems, the Purcell, Selkirk, 
and Columbia, trend very close to north and south, and 
hence are terminated to the north by the Rocky Moun- 
tain system which, trending northwest-southeast, cuts 
them off. The Columbia Range gradually passes into 
the Interior Plateaus, characterized by low rounded 
hills and plateau-like upland stretches, having a mean 
elevation of 3,800 feet above sea level. This is suc- 
ceeded to the west by the Coast Range, which parallels 
the Pacific coast, hence trending in a northwest-south- 
east direction. The descent into the Pacific is pre- 
cipitous and many deep fiords mark its contact. The 
most westerly subdivision of the Cordillera is the Van- 


couver Range constituted by Vancouver Island apd the . 
* Queen Charlotte Islands. 


The southern extension of 
this island festoon is the Olympic Range of Oregon. 
DISTRIBUTION OF ROCKS. 

For the purpose of description the Cangdfan Cordil- 

lera can be grouped into two basins of sedimentation : 

a Pacific basin extending from the Columbia system to 


the Pacific Ocean; and an Eastern basii Govering the 


area from the Columbia system to and including part 
of the Great Plains. These basins geologically can be 
considered as units in a genetic sense. 

The Columbia Range consists in great part of ancient 
gneisses and schists, the oldest-rocks in the Cordillera. 
These rocks formed at one time the old land mass 
which extended in a northwest-southeast direction from 
Central America to the Arctic Ocean. The greater part 
of this old land is buried under recent deposits or 
has been destroyed by the invasion of vast quantities 
of molten rock. The majority of these gneisses and 
chists are of sedimentary or waterlain origin and h 
must have been derived from a still more ancient land 
now unknown and shrouded in mystery. To the east 
and west of this old land lay basins in which sedi- 
ments derived from it by agents of degradation accumu- 
lated in vast quantities, for the most part, on an ocean 
floor. 

The Eastern basin, or geosynclinal, which forms the 
subject of this article, includes the area now occupied 
by the Selkirk, Purcell, and Rocky Mountain systems. 
The Selkirk and Purcell ranges, with a geological his- 


tory similar to that of the Columbia Range, consist in 
great part of bedded rocks of pre-Cambrian age, in- 
truded by masses of igneous rocks of the granite family. 
The Rocky Mountain system, the youngest member of 
the Cordillera, is composed almost entirely of bedded 
rocks ranging from early Palaeozoic to late Cretaceous, , 
while the Great Plains are underlain at the surface by 
deposits of Cretaceous and of Tertiary age. _ 
Deposits of the last geological epoch, the Pleisto¢@ig@ 
or Glacial period, are scattered sporadically over the 
entire Cordillera. 
BUILDING OF THE PURCELLS. %: 


If we could stand on the ancient land in the neigh- 
borhood of the Columbia range in pre-Cambrian time, 
to the west could be seen a rolling and monotonous 
landscape of moderate relief, while to the east, as far 
as eye could see, a shallow sea in which was being 
deposited sand and mud derived from the gradual wear- 
ing away of the old land by atmospheric agencies and 
by running water. That this sea was shallow and 
remained shallow till Cambrian time is evidenced by 


* the ripple marks, mud cracks, rill marks, and the casts 


of salt crystals now preserved in these"hardened muds. 
At the dawn of the Cambrian perjod this ancient sea 
became greatly enlarged, and mingled: its: waters with 
those of the ocean: This mingling permitted the life 
which ifhabited the ocean to invade the shallow cor- 
tinental sea, for it is in these deposits that we find for ° 
the first time. definite fossil remains in the form of 
trilobites, brachiopods and marine worms. After this 
period the waters in the sea gradually deepened and 
marine invertebrate life abounded.. This is shown by 


. the presence of limestones containing atjundant re-, 


mains: brachiopods, corals, and lamellibranchs in thé 
Devonian and Carboniferous formations of the Rocky 
Mountains. During Jurassic time, represented by the 
deposition of marine, carbonaceous muds, the first fore 
casts of a great mountain building period were rezis- 
tered. During the latter part of the Jurassic, or early 
Cretaceous, the Purcell Mountains were built. They 
consist of immense folds of stratified rocks forming 
typically folded mountains strongly resembling the 
Juras of Europe and the Appalachians of the Eastern 
United States. The area affected by this folding is rep- 
resented on our modern maps as constituting the 1nd 
as far east as the Kootenay-Columbia valley or Rocky 
Mountain trench. It was in the neighborhood of this 
trench that the western shore line of the continental sea 
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stood after the Jurassic Revolution. It had been shift- 
ed from the Columbia Range as far east as the western 
part of what is now represented by the Rocky Moun- 
tains. 

THE ORIGIN OF THE ROCKY MOUNTAIN SYSTEM. 

After the building of the Jurassic or early Cretaceous 
Mountains, they were at once subject to destruction by 
the agencies of erosion. The results of this erosion 
can be seen in the Cretaceous strata of the Roeky 
Mountain system. From a study of these strata, which 
for the most part are composed of conglomerates (wa- 
ter-worn pebbles) and carbonaceous shales (hardened 
muds) with which are associated many seams of coal 
and impressions of fossil plants, it may be concluded 
that at certain times the Cretaceous sea was shallow 
enouch to have a dense jungle growth thrive upon its 
vast deltas formed from the material derived from the 
destruction of the Jurassic mountain ranges (Purcell 
and Selkirk) to the west. Sedimentation continued 
throughout the Cretaceous until sufficient stress had 
accumulated locally in this part of the earth’s crust 
for the generation of another great -mountain system, 
the Rocky Mountain system proper. For the formation 
of this great thickness of Cretaceous strata, the Purcell 
and Selkirk ranges were worn down to a low rolling 
landscape over which the meandering streams wandered 
sluggishly. ‘This landscape, in technical language, is 
called a peneplain, and since it was formed during Cre- 
taceous time, a Cretaceous peneplain. 

At the close of the Cretaceous or in early Tertiary, 
the Rocky Mountains were formed. The earth’s crust in 
this region was raised first in a series of gigantic folds 
with .their longer ~xes trending northwest-southeast 
or parallel to:the. Pacifie coast. In the eastern part 
of the range locks of the crust were pushed up and 


carried bodily over fhe surface for a distance,?in the 


«ase of the most eastern blocks seen east of Banff, of 
tight. miles. . Thus the Rocky Mountain system is a 
series of parallel ridges .with steep faces to the east 


/and gentle ‘slopes to the west, and, in a view from one 


ef the higher peaks, strongly resembles the parallel 
Waves of the.sea -as they approach the shore. This 
simile is made ‘more striking by the presence of the 
stow and ice on the northeastern slopes of the peaks 
in strong contrast to the deep green coloration of the 
forest covered valleys. In the picture the snow and 
lee sparkling in the sun represents the foam on the 
Waves and the green forest, the cool depths of the ocean. 
GNAWING OUT THE VALLEYS. 

The initiation of a mountain chain by the folding 
of any portion of the earth’s crust marks the beginning 
of its destruction. Rain descending on this elevated 
Portion collects into streams which rapidly, in a young 
mountain ridge, gnaws for itself a valley in the folded 
strata. This first ridge problably will form the axis 
of the range. The next ridge which rises will be the 
scene of a battle of giants seeking supremacy. The out- 


', belong to one cycle of erosion. 


going stream endeavors to maintain its course to the 
sea across the rising ridge, which offers a barrier to 
its progress. From an examination of the transverse 
streams of the Rocky Mountains we see the victory in- 
variably rested with the streams which now cut through 
the folds and fault blocks. These through-going val- 
leys, making it possible for the trans-continental trains 
to reach the Pacific, have become the highways of 
commerce and .travel. Such valleys are occupied by 
the Crowsnest Branch and the main lines of the Cana- 
dian Pacific and the Grand Trunk Pacific Railways. 
These streams are termed antecedent streams since 
they kept their course in spite of the barriers raised 
(by the mountain uplift) against their progress. The 
longitudinal streams, on the other hand, occupy weak 
portions of the mountain area. In the Rocky Mountains 
they occur in areas of Cretaceous rocks which, being 
composed of soft shales, sandstones and conglomerates, 
are more easily eroded than the Devono-Carboniferous 
limestone on either side. These streams, called subse- 
quent streams, since they are initiated. subsequent to 
the mountain building, are tributary to the thorough- 
going or antecedent streams. The position of the val- 
leys in the Rocky Mountains, in contrast to that of 
the Purcell Range to the west; depends entirely upon 
the structure of the mountains; that is, the drainage 
is impressed concordant with the folding’ and faulting 
of the underlying bedded rocks and hence the valleys 
In contrast to this, the 
drainage of Purcell Range is entirely independent of 


’ structure and its history can be referred to two cycles. 


In the first, during Cretaceous time, it was worn down 
to a peneplain, then uplifted concomitantly with the 
formation of fhe Rocky Mountain system. This uplift 
rejuvenated the streams, which again eroded out the 
present valleys which can be referred to the second or 
Tertiary cycle of erosion. 

SCULPTURING OF THE MOUNTAINS BY GLACIERS. 

The final molding of the Rocky Mountains into their 
present form is due to the erosive action of ice. An 
examination of any area within these mountains would 
show that the heads of nearly all the streams termin- 
ate in a beautiful lake or tarn nestling in a rock basin. 
The basins are called cirques and owe their origin to 
the work of snow and ice. The configuration of this 
mountain tract previous to the Glacial period was natu- 
rally marked by inequalities in the upland stretches and 
in these inequalities snow would collect which, on the 
artival of the Glacial period, would not completely melt 
during the summer months and would continue to col- 
lect until, with the precipitation in the winter far ex- 
ceeding evaporation in the summer, the collection of 
ice would slowly move down the slopes into the valleys. 
The inequalities which would be filled with snow would 
gradually enlarge by the movement of the water under- 
neath the snow and even by the snow itself as it crept 


1D. W. Johnson, Science, new series, Vol. 9, 1899, p. 106. 


Looking south along the range. Note the steep eastern and the gentle western slopes. 


slowly down the slope. With increasing diameter these 
depressions would be occupied first by a permanent 
snowfield and finally by the névé of a glacier. Plucking 
action along the bergschrund would now rapidly push 
erosion headward. This action is well described by D. 
W. Johnson’, who descended 150 feet into a bergschrund 
in a glacier in the Sierra Nevada. “It was in all stages 
of displacement and dislodgement, some blocks having 
fallen to the bottom, others bridging the narrow chasm 
and others frozen in the névé. Clear ice had formed 
in the fissures of the cliff, it hung down in great stalac- 
tites, had accumulated in stalagmitic masses on the 
floor.” Here he states that for a considerable part of 
the year there would be “a daily alternation of freez- 
ing and thawing. Thus a cliff would be rapidly under- 
mined and carried back into the mountain slope, so that 
before long the glacier would nestle in the shelter of its 
own making. The ice grips like forceps any loose or 
projecting fragment in its rocky bed, wrenches it from 
its place and carries it away. . . . as the cirques re- 
ceded, only a narrow neck would be left between them, 
which would ultimately be cut down into a gap or col. 
Thus a region of deep valleys, with precipitous sides 
and heads, of sharp ridges and of more or less isolated 
peaks, is substituted for a rather monotonous, if lofty, 
highland.” 

From the above description it can be seen that the 
detailed beauty of the Rocky Mountain system with its 
eastellated crags, horns, cols, aretes, and cirques, is 
net due to the forms originating with the building of 
the mountain ranges: this merely places the foundation 
for the subsequent superstructure which is created in 
its main outlines by the erosion of running water, while 
the final decorations are furnished by the artistic touch 
of snow and moving ice. 


Explosion of an Electric Transformer 


THE explosion of a large electric transformer in South 
Africa appears to have developed a new fact that was 
not before known. In taking down the transformer for 
repairs the workmen proceeded to drain the expansion 
tank located above the transformer of the oil it con- 
tained, and before doing so a workman held a lighted 
match over a sight hole in the tank, when a severe 
explosion occurred that either killed or severely burned 
every man present, besides setting fire to everything 
inflammable in the transformer chamber. As the oil in 
the tank was not above 34 deg. Cent., and its flash point 
was 140 degrees, the gas that caused the explosion 
could not have been oil vapor, and experiments were 
instituted using extra high tension discharges under 
transformer oil. Samples of the resulting gases were 
collected, which, on analysis; proved to contain at least 
62 per cent hydrogen. It is evident from this experi- 
ence that great care should be exercised not to allow 
a naked light near transformer oil tanks or oil switches 
until they have been thoroughly ventilated. 
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Protection from Earthquakes’ 
Principles of Location and Methods of Construction Found Desirable 


A.ruovuaGs the definite prediction of earthquakes still 
presents serious difficulties, we have, at least, learned the 
location of the seismic regions of the globe, and, in gener- 
al, the degree of instability of the soil therein. Hence 
arises the capital question: Must seismie regions be 
abandoned. or are there means of ensuring the safety of 
their inhabitants? The abandonment of such countries 
is, for material reasons, impracticable, but those who 
dwell in them should give heed to the facts stated below. 

CHOICE OF A BUILDING SITE. 

The location of a building in a region subject to earth- 
quakes is by no means a matter of indifference, for with- 
in such regions some districts always suffer more severe 
effects from seismie shocks than others. Thus, during 
the great Lisbon earthquake of 1755 the lower portions 
of the town, built on alluvial or uncompacted tertiary 
soil, were devastated while the higher quarters, built 
on basalt, withstood the shocks quite well. At Aix-la- 
Chapelle, in 1877 and 1878, destructive effects were 
confined to the part of the town built on a loosely com- 
pacted chalk, while the quarter built on limestone did 
not suffer. At Tokio the higher part of the town, built 
on the rock, almost always suffers much less from earth- 
quakes than the lower town, the soil of which is alluvial. 
Many other illustrations could be cited. Some ex- 
ceptional cases admit of special explanations. 

Soils consisting of alluvium or débris, when they occur 
in a very thick layer, offer an extremely favorable site 
for buildings. The reason is that they are very poor 
transmitters of seismic waves, which are propagated in 
them with as much difficulty as sound-waves in sawdust. 
This is true of alluvial strata whether lying underground 
or at the surface. Examples are found in the plains of 
northern Germany, the Russian steppes, the llanos and 
pampas of South America, and the prairies of Arkansas, 
where seismic shocks are almost unknown. These re- 
gions are, for the most part, characterized by the great 
thickness of their alluvial deposits. 

On the other hand, if such strata are shallow, con- 
siderable movement will be felt. This apparent con- 
iradiction may be explained on the analogy of a mass of 
sand into which a cannon is fired, as in certain artillery 
tests; if the mass is thick it deadens the impact, while 
a small layer or pile of sand is scattered in all directions. 
Hence one should especially avoid placing a building 
on a thin layer of relatively loose soil overlaying a thick 
and solid stratum. 

Generally speaking, anything which interrupts the 
homogeneity of the ground tends to increase the shocks 
transmitted. Location should, therefore, be avoided 
at the junction of two strata of very different material, 
as well as the vicinity of geological faults and the brows 
of cliffs and ridges. In such locations an earthquake 
produces a phenomenon analogous to that which is seen 
when a violent blow is given to the first of a series of 
billiard balls, lying in contact with one another; the 
shoek is transmitted by the intermediate balls, but only 
the one at the other end of the row is set in motion. 
Villages and buildings perched on the side or crest of 
steep hills suffer severely in earthquakes; the superficial 
layers of the earth play the same rdle as the final billiard 
ball just mentioned; even solid rocks may be thus cracked 
or broken into fragments at the surface; long crevasses 
are formed parallel with the steep face of cliffs; and sooner 
or later landslips occur. Ina similar manner, the banks 
of rivers may collapse, carrying down and destroying 
houses, roads, and cultivated fields. These facts illus- 
trate the danger incurred in installing buildings, conduits, 
roads, or railways along steep escarpments in countries 
subject to earthquakes. The same considerations apply 
to railway embankments; they need to be flanked by 
very strong constructions 

To summarize—in “earthquake countries,” or even 
regions of ordinary seismicity, it is advisable to avoid 
placing houses on lofty elevations, where the amplitude 
of seismic vibrations will reach a maximum, or on the 
slopes of hills and mountains. Plains and broad valleys 
offer a preferable location. Between two locations on 
loose soil, one should choose that in which the loose soil 
has the greater depth. In all cases one should take warn- 
ing from the history of previous earthquakes; it should 
never be forgotten that it is dangerous to build on the 
spot where a well-constructed building has been destroyed 
by an earthquake, since like causes will again produce 
like effects. 

FOUNDATIONS. 
The question of foundations is very important. Shall 


pi. Condensed translation of a chapter in his “Les trembele- 
ments de terre,” 2nd ed., Paris, 1909. 
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we build on deep foundations, extending, if possible 
down to the subjacent rock? or shall we eliminate 
foundations altogether, and permit the building to rest 
directly on the ground? The experience of earthquake 
countries furnishes the answer. 

It has long been known that seismic vibrations have a 
much greater amplitude—in fact, about twice as great— 
at the surface of the ground than at the bottom of an 
excavation some 10 feet in depth. It is therefore neces- 
sary to sink the foundations as deep as possible, and 
also to isolate them fromthe surrounding soil, in order 
to free them from the vibrations of largest amplitude. 
Thus at Tokyo several large buildings of the Imperial 
University resisted perfectly a number of violent earth- 
quakes when neighboring buildings, constructed of 
equally solid masonry, were partly destroyed; investi- 
gation proved the different effects to be due to the fact 
that the buildings of the university had much deeper 
foundations than the others. 

Whenever possible, the foundations should rest di- 
rectly on the underlying rock. The regulations drawn 
up for the island of Ischia after the disaster of 1883 
provided for eases in which the rock lay too far below 
the surface to be reached; under such circumstances the 
building was to be erected on a masonry or concrete 
platform two feet thick for a one-story building and 4 
feet thick for a two-story building; and the platform 
was to extend from 3 to 5 feet beyond the base of the 
building. In Manila the regulations provide that the 
foundations shall be strong enough to support twice 
the weight actually placed upon them. Whenever the 
underlying ground is unfavorable, the foundation of a 
building should form a united whole, so that the different 
parts of the superstructure may be subjected to the same 
shocks. Cases are common in which disastrous effects 
have been due to the fact that various parts of a structure 
did not undergo simultaneous vibrations. Many re- 
markable examples are found in the history of railway 
bridges, as recorded in the reports of Omori and others. 

Regulations in force in countries subject to earth- 
quakes permit the construction of cellars, and even of 
vaulted ceilings therein; but these ceilings must be ‘‘full 
eentered.”” Above the ground vaulting is always for- 
bidden, as it tends to spread the walls. 

Milne also mentions a method of making the building 
independent of the ground on which it rests, which con- 
sists of placing it either on cast iron balls of on two sets 
of iron rollers ai right angles to each other, these resting 
on a floor of concrete. Such arrangements would, how- 
ever, be suitable only for very small buildings and would 
provide no immunity from vertical displacements. 

It has often been noticed that crevices and especially 
caverns in the ground oppose an obstacle to seismic 
movements. In Santo Domingo deep excavations are 
made in the ground near houses to insure the stability 
of the latter. Pliny believed that Rome was protected 
from earthquakes by the Catacombs. On the other 
hand, it should be remembered that subterranean gal- 
leries necessarily diminish the strength of the ground 
and introduce a new danger which is certainly not com- 
pensated by their diminished capacity for transmitting 
seismic waves. 

Practically, in regions where earthquakes are not of 
extreme violence, it will suffice to build foundations 
very deep and at least twice as thick as they are ordi- 
narily built elsewhere. If there is a vaulted cellar, its 
roof should be full-centered. Only the best and strongest 
materials should be used. Foundation walls increasing 
in thickness with depth are sometimes employed in 
Japan, and can be recommended. 

WALLS AND CHIMNEYS. 

In most eases it is the highest buildings which suffer 
most severely. The reason is obvious; if we shake a 
young tree by grasping its base, we shall see that the 
highest branches undergo the most violent movement. 

Various regulations as to the height of buildings and 
the number of stories have been promulgated in earth- 
quake countries. In Manila only the walls of the ground 
floor may be of masonry; the second story must be of 
wood. In order to diminish the weight of material the 
use of hollow bricks is to be recommended. 

In an ordinary house consisting of four walls forming a 
rectangle, it is important to prevent the separation of 
the walls at their angles of junction, and various systems 
of iron frames and tie-beams built into the masonry have 
been proposed to prevent such separation. It is certain 
that a house forming an absolutely rigid and indeformable 
box would be the ideal plan, but it would be extremely 
difficult of realization, especially in the case of large 


buildings. Iron built into masonry does not form a 
homogeneous whole. Walls and floors bound together 
with metal tie-beams may not vibrate in unison, and this 
is one of the most serious causes of-disaster. 

In Japan the light houses of wood and paper suffer 
comparatively little injury, and the damage would be 
still less if the walls were fastened together at the bottom 
with wooden girders. In Santorin the people from time 
immemorial constructed their houses in the form of g 
monolithic box, without bottom, simply resting on top 
of the ground. They are built of a kind of cement consist. 
ing of lime and crushed lava. Openings are reduced to 
a minimum, and the vaulting is very thick. The roofs 
crack without falling. 

In recent years the use of re-enforced concrete has been 
widely recommended, and it is certain that in this form 
of construction the problems seem to. be solved, since all 
parts of the building—walls, ceilings and floors—are 
tied together. Re-enforced concrete has been much 
used in re-building San Francisco. This mode of con. 
struction is still so new that we cannot pronounce de- 
finitely in its favor, but it is highly probable that build 
ings thus constructed would merely fracture or crumble 
more or less without falling, and this would be a rea] 
advantage to their occupants.! 

The openings in the walls are points of weakness and 
are often a cause of ruin. In Italy the regulations re 
quire that these shall be placed vertically one above the 
other. This is an unwise rule; a wall in which al! the 
windows are in line vertically is virtually divided up 
into several parts and loses all power of resisting shocks, 
Milne, on the contrary, recommends that no two windows 
be in the same vertical line, regardless of the number of 
stories. The doors and windows should, moreover, be 
placed at some distance from the angles of buildinys. 

The shape of the openings is also of much importance, 
After the earthquake of 1885 in Tokyo, a careful examina- 
tion was made of the European buildings in the Ginza 
quarter, and it was found that in all cases the windows 
in which the arches sprang sharply from their abutments 
had cracks running from the angles, while in those in 
which the arches curved out gently from the abutments 
there were no cracks, except in cases where the arches 
supported balconies. This example clearly indicates 
that only round-arched windows are admissible in a ma- 
sonry wall. Stone balconies should be rigidly prohibited, 
as under shock they crack the walls or may fall upon the 
heads of people rushing from their houses. The same 
remarks apply to ornamental stone cornices and balus- 
trades, and to heavy ornaments on ceilings. 

Stairways should, as far as possible, be independent 
of the walls, as otherwise they play the same destructive 
réle as baleonies. Chimneys have been the cause of 
many accidents. At Charleston, in the earthquake of 
1886, out of 14,000 chimneys, 13,200 fell. It is a good 
rule not to let them extend above the roof; they can be 
prolonged upward by means of a light sheet-iron pipe 
supported by somewhat slack guy-wires. The body 
of the chimney should not be built into the wall, which 
it would tend to crack in an earthquake, but may be 
placed in contact with it. 

As to masonry materials, these should be of the very 
best quality; and in the superstructure preference 
should be given to materials combining a maximum of 
resistance with a minimum of weight. In very many 
cases where houses crumble at the first shock of an 
earthquake, the blame may be laid entirely on the in- 
ferior quality of the material, or a defective assemblage 
of stones and brick; in short, upon the neglect of the most 
elementary principles of construction. 

ROOFS AND JOISTS. 

However, in the course of my investigations in Prov- 
ence after the earthquake of 1909 I observed many 
eases in which very solidly constructed buildings had 
collapsed like the rest. The reason was obvious. When 
the walls first oscillated under the action of the seismic 
wave, the joists were pulled out of their sockets and the 
ceilings descended en bloc; after the shock, the walls 
which, in virtue of their elasticity, tended to regain 
their equilibrium, were obliged to give way to the 
wedge-like pressure of these beams. This effect was due 
to the fact that, as a rule, joists are merely supported 


*There was only one large building of re-enforced concrete 
in San Francisco at the time of the earthquake of 1906, and 
this was unfinished. It resisted both the earthquake and the 
fire satisfactorily. During the recent great earthquake {8 
Italy it is said that, in some places, the only buildings that 
remained standing were those of reenforced concrete- 
ToR. 
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on the inner border of the walls, instead of passing en- 
tirely through the latter. Hence, in an earthquake, 
the various stories fall on top of one another inside the 
walls. In order to prevent this, the beams should ex- 
tend through the walls and project a foot or more on the 
outside, forming a sort of corbeling or baleony, such as 
we see in many mediaeval houses. 

Analogous principles should guide us in the construc- 
tion of the roof. It is easy to see that if the latter is 
yery heavy, when an earthquake occurs the whole roof, 
in virtue of its inertia, will behave like the steady mass 
of a seismograph; i. e., it will not participate in the 
movement of the building beneath it. The result is 
that cither the walls, in their oscillation, will slip away 
from the beams supporting the roof, permitting the latter 
to fall and carry the edifice with it; or the walls will 
have a tendency to break halfway up, owing to the fact 
that their upper portions, which are fastened to the roof, 
do not vibrate in unison with the lower portions. Hence 
the roof should, by all means, be made as light as possi- 
ble, and it will be necessary to abandon conventional 
building methods in order to effect this. 

The necessity of doing so will appear from the follow- 
ing figures: Roofing of flat Burgundy tile for a building 
10 by 5 meters (33 by 16 feet), would weigh 9,900 pounds. 
If wv. use the lighter mechanical tile the weight will 
still be between 3,500 and 5,000 pounds. These figures 
do not include the weight of the woodwork of the roof. 
Aslate roof, though lighter than tile, would weigh 2,200 
pouds, not including the woodwork. Evidently, with 
any of these materials we place an enormous weight on 
top of our building, and it will not be surprising if seismic 
vibrations cause a rupture between walls and roof. 

The remedy has been sought in zine or galvanized 
iron, either of which weighs about one-eight as much 
as flat tiles. The weight of such a roof, of the above 
dim-nsions, would not exceed 1,300 pounds, but its use 
has serious structural disadvantages. A metal roof is 
subject. to deformations due to heat and cold, and the 
grevtest precautions must be taken to make it water- 
tight. Moreover, these roofs are very hot in summer 
and cold in winter, so that one or two false ceilings must 
be used under them, and this means added weight and 
expense. 

1 sought for a long time a roofing material that was 
free from all these disadvantages. In twice building 
my observatory, I needed a covering for the dome and 
the roof that would combine lightness and solidity, and 
I found these conditions realized in a material which, 
although not new, is less well known than it deserves 
to be. It is called ‘“‘ruberoid,” and is a sort of woolen 
felt, impregnated with a simple waterproofing composi- 
tion. It comes in long rolls, and is equally suitable 
for flat and sloping roofs. Most of the new wooden 
buildings at Messina, erected since the great earthquake, 
are covered with this material, which is not affected by 
variations of temperature. 

A covering of “ruberoid” for a roof of the dimensions 
mentioned above weighs just 209 pounds; i. e., about 
1/45 as much as one of ordinary tile, and 1/20 as much 
as one of mechanical tile. When I add that, by build- 
ing the roof flat, we do away with the heavy timbering 
needed in a sloped roof, it will be seen that the use of 
this material is plainly indicated for earthquake countries. 

The use of a horizontal roof not only ensures lightness, 
but also- obviates one of the common dangers of earth- 
quakes, when many persons are killed or injured by the 
fall of tiles and slates from sloping roofs. Whatever 
covering material is adopted, the joists of the roof 
should extend from 11% to 2 feet beyond the walls. 

CONCLUSIONS. 

The following is a summary of the essential facts 
deduced from the above discussion: 

Having chosen a suitable site, we may adopt one of 
two different plans, according to whether we propose 
to creet a lafge and costly building or a modest dwelling. 
In the former case we must endeavor to secure great 
rigidity by the use of relatively heavy material. The 
foundations will be thick and deep; the masonry very 
carefully laid, and the walls securely joined at the angles. 
If the cellar is vaulted, the vaulting must be full-centered 
and very thick. There should only be two stories, and 
the joists supporting the second must at least run 
through the whole thickness of the walls, to prevent 
them from being pulled loose. The openings will be 
planned in accordance with what has been said above. 
They should be rather narrow, and round-arched. A 
light roof, with joists extending beyond the walls, is 
essential. In order to lighten the upper story the latter 
might be constructed of hollow bricks. Stout inside 
walls will add much to the solidity and rigidity of the 
building. 

In the ease of the ordinary dwelling, flexibility should 
be preferred to rigidity, and we should seek to con- 
struct a house analogous to a wicker basket. A skeleton 


of wood or iron, very strongly tied together, will always 
give excellent results, especially if the building has but 
one story. The use of wooden walls presents serious 
defects, such as danger of fire and less protection from 


extremes of temperature; a better plan would be to 
adopt the system of “barrack” construction popular 
in Italy. According to this plan a frame of wood or 
metal is filled up with as light walls as possible, con- 
sisting of hollow bricks or other material of slight 
density. 

Two important principles should never be forgotten 
in any form of earthquake construction; viz., avoid 
weight of material unless accompanied by a corres- 
ponding degree of solidity, and seek to unite to lightness 
and strength a certain amount of elasticity. 

{Further information on the subject of earthquake- 
proof construction will be found in the following works: 
J. Milne and others, “Construction in Earthquake 
Countries,” Trans. Seismological Soc. Japan, volume 14, 
J. Milne, ‘‘Seismology,’’ London, 1898, chapter viii-ix; 
Montessus de Ballore, ‘‘La sismologie moderne,”’ Paris, 
1911, chapter xx; U. S. Geological Survey, ““The San 
Francisco Earthquake and Fire and their Effects on 
Structures and Structural Materials,’’ Washington, 1907. 
Also numerous reports in the ‘Publications of the Earth- 
quake Investigation Committee in Foreign Languages,” 
Tokyo.—Epiror.] 


The Causes of Solar Heat* 


By A. Veronnet 

Turee different hypotheses have been advanced to 
explain how the sun has for ages been emitting sub- 
stantially the same quantity of heat, viz., by chemical 
reaction, by intra atomic energy (such as is exhibited 
by radium), and by the attraction of gravitation. Some 
precise calculations based wpon recent data seem to in- 
dicate that the last theory, advanced by Helmholtz, is 
the one that is most tenable. 

The sun emits about 5.10" calories per annum and its 
mass is 2.10° grammes. Even if the maximum calorific 
capacity be placed at 1, its temperature would fall by 
at least 2.5 deg. Cent. (4.5 deg. Fahr.) each year. But 
the average temperature of the earth, measured in de- 
grees absolute, is directly proportionate to the tempera- 
ture of the sun. Let us take 6,000 degrees and 293 
degrees absolute (20 deg. Cent.), as the average tem- 
peratures for sun and earth. It may be calculated that 
the earth’s temperature on the surface would fall to 
0 deg. Cent. (32 deg. Fahr.) after the short period of 
165 years if this heat is not in some way replenished. 

Chemical Reaction.—The condensation of vapors and 
the formation of chemical compounds can occur below 
only the critical or dissociation temperature, which lat- 
ter is very near 5,000 degrees, or 6,000 degrees for heavy 
metals and refractory oxides. Now, no known chemical 
reaction can develop 5,000 calories per gramme (the 
maximum of 4,700 degrees is obtained by the combus- 
tion of lithium). The entire mass of the sun would 
then be able to supply through condensation or combus- 
tion at the most 5,000 X 2.10" calories, or sufficient heat 
for 2,000 years. 

Intra Atomic of Decomposition.—This is much 
greater than the energy of combination, but its effects 
are also much slower, although it.amounts to billions 
of calories per gramme. It is admitted that all sub- 
stances are subject to slow decomposition, liberating 
this internal energy in the process, but the phenomenon 
is perceptible only in the case of radio-active substances 
and is most pronounced for radium. It is known from 
the latest calculations (table issued in Le Radium, Jan- 
uary, 1914) that 1 gramme of radium liberates 132 
calories per hour, let us say, 1,2.10 calories per annum. 
In order to account for the radiation of the sun, it 
would be necessary to assume its. radium content to be 
4.2.10" grammes, or 2 grammes per metric ton, which 
is a higher percentage than that of the richest known 
minerals. 

But the activity of radium decreases with time and 
would be reduced by half after some 1,700 years (S. 
Meyer. Sitzb. Wiss. in Wien, March, 1914), and this 
quantity of radium could not maintain heat and life in 
the sun and earth for over 2,000 years unless it could 
be renewed. It is true that uranium is transformed 
into radium, the constant ratio between the two sub- 
stances being about three tons uranium for one gramme 
radium, after the calculations of Strutt, Eve, Coye, and 
Roltwood (the constancy of this ratio is, however, 
called in question by some calculations of Miss Ellen 
Gleditsch, Comptes Rendus, volume exlviii, 1909, page 
1451). According to these figures, the whole mass of 
the sun would have to be composed of uranium in order 
to keep the necessary quantity of radium constant dur- 
ing a sufficient length of time. 

Besides, the alpha rays of radium may be projected 
from helium; at all events, radium is transformed par- 
tially into helium, and 1 gramme of radium supplies 
yearly 156 cubic millimeters of helium or 2,8.10° 
grammes, together with 1.2.10 calories. The production 
of 1 gramme of helium corresponds with a release of 


1,2.10° : 2,8.10°° = 4,3.10" calories. If we are able to 


* Translated for SciENTIFIC AMERICAN SupPLEMENT from 
Cosmos. 


estimate the quantity of radium in the solar atmosphere 
we can thus obtain the amount of heat which the 
radium contained in the sun has been supplying. 

It has been possible to determine the pressure on the 
surface of the sun, or at least above the helium zone, 
through the displacement of the lines of the reversing 
layer; Buisson and Fabry (Comptes Rendus, March 
15th, 1909) estimated this pressure at 4 to 6 atmos- 
pheres; Jewell, Humphreys, and Mohler (Astronomical 
Journal, volume iii, page 139) place it at 2 to 7 at- 
mospheres; Evershed (Kodaikanal Observatory, No. 18, 
1910) calculate it to be as low as 0.13 atmosphere on 
an average. Let us concede a maximum pressure of 10 
atmospheres gravity on the sun being twenty-eight times 
as great as it is on the earth, the whole atmosphere of 
the sun must have a mass of about 10:28 = 0.35 kilo- 
gramme per square centimeter (almost 5 pounds per 
square inch), that is to say, 340.6.10" = 2.10" grammes. 
Supposing it to consist entirely of helium, it would 
correspond to the liberation of 

2.10°°.4,3.10" = 8.6.10" calories, 
which represents heat enough for only 170 years. 
is the maximum supply of radium. 

Besides, the percentage of helium in the solar atmos 
phere is rather low, as it does not give any black line 
in the spectrum, and its absorption is not marked. It 
is probable the above figure ought to be divided by 100 
or 200. It must be concluded, therefore, that intra 
atomic energy cannot have noticeably intervened in the 
maintenance of solar heat. 

Gravitation.—It has been suggested that meteorites 
dropping into the sun or the fragments of a comet may 
be responsible for solar heat. But while the mass of 
sun would increase the time of revolution would de- 
crease. Taking into account Kepler's third law and the 
decrease in the amount of motion, we easily obtain the 
formula M*7T = constant. The oldest observations show 
that the year is decreasing by 0.53 second each century. 
Attributing this variation solely to the increase of the 
mass of the sun and differentiating the foregoing for- 
mula, we find 1,67.10" grammes as the maximum an- 
nual increase. The energy produced by a mass of 1 
gramme falling on the surface of the sun may be caleu- 
lated as equal to 2.10" ergs, and this increase in mass 
produces at the most 8.10" calories per annum, or four 
hundred times less than necessary for the maintenance 
of solar heat. 

Ilence, there is but one hypothesis left—that of the 
generation of heat by the contraction of the sun itself; 
and this alone can and must account for all the heat 
the sun is radiating. This contraction could account 
for an amount of energy or work equal to twenty mil- 
lion times the amount of energy the sun is radiating 
every year at present. This, moreover, is a maximum, 
and it has been shown (Comples Rendus, February 9th 
and 23rd, 1914) that, considering the fact that the 
radius and temperature of the sun were both greater in 
the past, it must be admitted that radiation and loss of 
such heat required a little less than two million years. 
The sun in its present condition and life upon the 
earth can be traced back about two million years. The 
conclusion may therefore be drawn that the tempera- 
ture upon the earth will not fall below 32 deg. Fahr. in 
less than two million years to come, a period which will 
undoubtedly be prolonged by the fact that the earth is 
drawing nearer the sun. 

It is true that geologists claim one hundred million 
years and more to have been necessary for the forma 
tion of the geological strata. But they are measuring 
erosion on the basis of the present causes acting with 
present intensity. Erosion is caused by the heat of the 
sun, which produces clouds and rain. We have here a 
sort of heat engine, and we know in such a case that 
the more powerful this engine is the greater the results. 
The contraction of the sun allows us to dispose of an 
amount of heat equal at the maximum to twenty mil- 
lion times that which it is radiating at present per 
year, and admitting that this heat is spent over two 
million years instead of twenty million, we must mul- 
tiply the power of erosion by 10 (see Hermann, Hypoth- 
eses Cosmogoniques modernes, 1914, page 139). It can 
also be admitted that the product was multiplied by 10, 
making thus erosion work, equal to that which would 
require two hundred million years, the present rate, and 
calculations of both geology and celestial mechanics will 
thus be made to agree. 


This 


Electric Lighting on American Railways 

THE statement was recently made that the number of 
ears on American railways lighted by electricity had 
increased from about 11,000 in 1911 to nearly 19,000 
in 1914, a growth of 72 per cent. The greatest part 
of this increase uses the storage battery and axle gen- 
erator system, while the -head-end installations have 
increased but one third this amount. Of the storage 
batteries there are in use about 260,000 lead battery 
cells and 32,000 of the nickel-iron cells, but this latter 
figure represents an increase of six times in the last 
two years. 
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The Canon Ball Tree of Tropical America 
Tne cannon ball tree (Couroupita guianensis) is one 
of the most curious trees in tropical America. It is so 
called because the fruit resembles a cannon ball. A\l- 
though the tree is sometimes referred to in botanical 
literature as the bullet wood or nutmeg these names are 
almost never applied to it in the region where the tree 
grows. The French have named it arbre a bombes, bois 
baile and boulet de canon, and the popular German 

names are kanonenballbaum and kanonenkubelbaum. 
The cannon ball tree may be said to be large, but it 
does not vie in height and diameter with the majority 


The cannon ball tree in flower. 


of other trees in the tropical forests. It seldom de- 
velops a long trunk, which is rarely three feet in diam- 
eter four feet above the ground, and only from ten to 
twenty feet to the first branches, which are usually 
spreading or partly ascending, forming a broad, irreg- 
ular, or round depressed crown. While the tree often 
attains a total height of sixty to ninety feet in the 
forest, in the open it seldom grows so tall, but its crown 
is more spreading. 

The tree is confined largely to the low moist land 
skirting the rivers, but it never occurs in great num- 
bers even where the conditions are most favorable for 
its best development. One may travel for miles in the 
dense tropical jungle without seeing a single tree of 
this species. It is believed that the northern limit of its 
distribution is in the Republic of Panama, where it has 
been reported by only a few botanists. During the re- 
cent biological survey of the Canal Zone a specimen of 
this species was discovered growing just south of the 
city of Panama, and it appeared from the available 
data that its range of growth extends from this point 
in Panama southward and eastward to the mouth of 
the Amazon River. It is found on the island of Trini- 
dad, but it is more common to the low, moist soil of the 
mainland, especially in the Guianas. 

Several beautiful trees are growing in the public 
parks in Port-of-Spain, Trinidad, and also in the 
botanical garden in Georgetown, British Guiana, and 
very few visitors to these cities who are interested in 
nature fail to see these curicus trees. It is a rapid 
grower and quickly forms fine features as a specimen 
plant in a tropical garden. It suddenly drops its leaves 
in March and in a few days is again clothed in fully 
developed foliage of the richest green. The flowers are 
large, abundant, very curious in form, pink in color, and 
highly scented. 

There is hardly another forest tree in the world that 
bears its fruit similar to that of the cannon ball tree. 
The fruit is a large woody globular pod about six or 
eight inches in diameter, resembling a cannon ball. The 
shell or pericarp is thin, smooth, grayish-brown or rusty 
colored, and has a circular scar near the center, which 
marks the point where the calyx or outer floral envelope 
became detached from the young unripe fruit. The 
shell when opened at this scar and the pulp and seeds 


removed is often used in tropical America for domestic 
purposes as a calabash. The pulp which surrounds the 
seeds possesses an agreeable flavor, and when nearly ripe 
is often employed for making a refreshing drink in case 
of fever. This pulp contains sugar, gum and malic, 
citric and tartaric acids. The over-matured fruit pos- 
sesses a very disagreeable odor, which is remarkable for 
its penetrating and lasting properties. The seeds, of 
which there are a great many in each fruit, are flat, 
circular, and rather larger than a dime. They are im- 
bedded in the pulp, from which they are easily sepa- 
rated upon maturity. As will be seen in the accom- 
panying illustrations, the fruit is borne in clusters on 
the trunks and large lower branches, and not near the 
ends of the small branches or ultimate twigs, as in other 
trees. 


The Explosion of Kerosene Lamps* 

Every little while we hear of the explosion of a kero- 
sene lamp, attended by serious injuries to persons who 
happen to be near. In the public mind there is some- 
thing mysterious about these lamp explosions—some- 
thing that calls for explanation. They are usually at- 
tributed to the poor grade of the oil, or to some other 
cause unknown to the owner or user of the lamp, or 
beyond his or her control. Various persons, either in 
good faith or otherwise, have tried to make capital out 
of the widespread feeling of distrust that the public 
has toward kerosene lamps. Some years ago, for ex- 
ample, there was a heavy demand for a certain bluish 
powder that was to be placed in the reservoir of the 
lamp, and which was guaranteed to protect it against 
explosion. Of course most of the lamps that were “pro- 
tected” by this powder did not explode, but that was 
only because few lamps explode, anyway. There is no 
reason whatever to suppose that the proportion of ex- 
plosions was any less among the lamps “protected” in 
this way, than among those that were not “protected.” 

There is nothing actually explosive about the oil it- 
self, whatever its grade may be. Explosions are due 
to the ignition of mixtures of oil-vapor and air, and 
they are more likely to occur when using a low-grade 
oil than when using one of a higher grade, because the 
low-grade oil contains a larger proportion of light, 
volatile hydrocarbons, and it, therefore, gives off vapor 
more freely. But whether the oil be high grade or 
low grade, its vapor will not explode unless it is mixed 
with air in a suitable proportion, and fired by direct 
contact with a spark or a flame. 

The quantity of oil-vapor generated in the reservoir 

of the lamp depends upon the temperature of the reser- 
voir, as well as upon the nature of the oil—a high tem- 
perature causing a marked increase in the vaporization. 
It is, therefore, advisable to keep the temperature of 
the oil reservoir as low as practicable. To some extent 
this is a matter of design, and it is almost impossible 
to prevent the reservoirs of metai lamps burning large 
quantities of oil from becoming heated to a temperature 
high enough to produce marked vaporization. All lamps 
should be kept as cool as their construction will permit, 
however. For example, they should not be allowed to 
stand on, over, or near hot stoves, registers, or radiators. 
They should also be kept as nearly full as practicable, 
so that the space occupied by the oil-vapor may be 
small. 
_ If the upper part of the reservoir of a lamp is oceu- 
pied by an inflammable mixture of oil-vapor and air, 
it is still not dangerous unless flame gets access to it. 
In fact, when a lamp explodes the trouble is far more 
likely to be with the lamp itself, or with the way it is 
used, than with the oil; although prudence always indi- 
cates that the oil should be of the best quality obtain- 
able, with a high “flash point,” so that any chance 
communication of flame will be unlikely to lead to seri- 
ous results. 

For flame to gain access to the interior of the reser- 
voir there must be an opening of some kind, through 
which it can pass. The opening may be due to the 
omission of the plug or cap from the filling aperture, or 
it may be due to a break in the reservoir, or to other 
causes. More often, however, the explosion takes place 
because the wick does not fit the lamp properly. If the 
wick is too small, so that a considerable space is left on 
one side of it, gas may escape in this way, taking fire 
and carrying the flame down into the reservoir, if the 
opening is big enough. This action may be assisted or 
precipitated by blowing down into the top of the lamp 
to put it out, or by the chilling action of a draft of 
cold air striking against the outer surface of the reser- 
voir. If there is a considerable volume of mixed air 
and vapor in the reservoir in a highly-heated condition, 
a sudden cold draft may cause it to contract quickly 
enough to draw the flame down into the reservoir, with 
an explosion as a result. Lest timid householders who 
may read this warning should be unnecessarily alarmed 
about the condition of their lamps, we desire to as- 
sure them that there is no danger of the kind described 


* The Travelers Standard. 


unless there is a plainly visible opening of considerabjp 
size down along one edge of the wick. The wick shoyig 
be loose enough to work freely, for if it fits too tightly 
it will not turn up and down readily, and if it jams jy 
its tube the oil will not draw up well, and the lamp 
will not burn properly. 

By examining any properly-constructed kerosene lamp 
it will be seen that there is a small vent pipe, usually 
very much flattened, extending upward through the 
burner in such a way as to put the interior of the reser. 
voir in free communication with the space immediately 
adjacent to the flame. This tube is provided in order 
to equalize the pressure inside the lamp with that of 
the surrounding air of the room. This little tube should 
be kept free, but care should be taken not to increase 
the size of it in any way. It is a well-known fact that 
flame will not pass through very small openings, and 
the maker of the lamp knows just how large this vent 
pipe can be made, and what shape to give it, so that 
it will fulfill its purpose without permitting the gas. 
mixture in the reservoir to take fire from the flame of 
the lamp. As the lamp leaves his factory, the vent pipe 
is of a safe size; but if it is enlarged to any consider. 
able extent by thrusting things into it when cleaning 
the lamp, it may become a source of danger. 

Finally, the operation of filling should never be car- 
ried out while the lamp is burning, nor while it is stand- 
ing near any lighted lamp or gas-jet, or near a stove 
with a fire in it. 

If the various points that we hive mentioned reveiye 
careful attention, there need be no fear of a lam) ex- 
plosion, except as the result of dropping the lamp, or 
subjecting it to other rough and unreasonable usage 
for which it was never designed. 


New Three-phase Motors 

One of the recent ironclad three-phase motors of 
Swiss make embodies some original features, and is the 
result of careful study in order to produce a substantial 
motor for certain classes of work. What is desired here 
is a nearly or all-inclosed motor of moderate size with 
forced draught, so as to allow of its use in damp pl:ces. 
For very wet localities or those containing acid fumes, 
the motor is entirely inclosed. An air fan at one end of 
the armature creates a suction through one leg from 
the flow beneath, and the air traverses the motor and 
descends through the other leg of the motor. An orig- 
inal idea lies in the working of the starting resistance. 
This consists of a disk resistance coil on the motor 
shaft next the air fan, and from here run six copper 
rods clear through the armature to the other side. A 
large copper ring slides on all six rods, which have un- 
equal length, so that sliding the ring along the rods by 
a hand-wheel mechanism short-circuits the rods succes- 
sively. In this way no slip rings or brushes are needed. 
An outside hand-wheel operates the sliding of the ring, 
which of course rotates with the armature, and the 
same mechanism serves to throw the main switch of the 
motor. 
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The Gas from Blast Furnaces—I° 


Tue realization of the great heating, value of the top 
gases of the blast furnace was very slow in taking use- 
ful shape. For centuries, furnaces ran with their tops 
wide open, discharging the gas into the air, with which 
it united in a great column of flame, visible for miles 
by night, even in the smaller furnaces of that early day. 

Even after the invention of the steam engine, the 
possibilities of blowing furnaces by steam power were 
not practically realized for several decades and fur- 
naces continued to be located primarily with reference 
to a suitable water power for blowing. In the same 
way after the invention of the hot-blast in the third 
decade of the nineteenth century the stoves were not 
at first heated by gas from the furnace, but were in- 
dependently fired with coal. 

Later a small chamber filled with iron pipes was 
built over the top of the furnace and the flame from 
the open top passed up through this, heating the blast 
which passed through the pipes. Still later flues were 
built into the brick work near the top, but just below 
the stock line and connected with a powerful chimney 
whose base was approximately level with the top of the 
furnace; this chimney drew some of the gas from the 
furnace, naturally much mixed with air drawn in from 
above, and the mixture burnt on its passage from the 
furnace top through the boilers and stoves to the chim- 
ney. 

The final step was taken by closing the top of the 
furnace with a huge conical valve called the ‘“‘bell’”’ 
and forcing the gas by the pressure from below out 
through the flues into a pipe leading down to the ground 
level, where the stoves, boilers and stacks were located. 
This pipe early received and still retains the name of 
the ‘“down-comer.”’ 

These top gases in Lake ore practice contain about 
50 per cent of the total thermal value of the fuel charged. 
In districts where leaner ores are used and more fuel 
is consequently required per ton of iron the gas is cor- 
respondingly richer and contains a proportionately 
larger percentage of the thermal value of the fuel. In 
Lake ore practice an average analysis is about as follows: 
earbon monoxide 2514 per cent, hydrogen 3 per cent, 
carbon dioxide 1214 per cent, nitrogen 59 per cent. 
The thermal value comes entirely from the two former 
components. 

The hydrogen comes partly from the moisture in the 
blast which is dissociated in the hearth, and partly 
from the moisture of the charge which is decomposed 
in the upper levels of the furnace. This gas under 
standard conditions of 32 deg. Fahr. and 30 inches of 
mercury contains from 94 to 102 British thermal units 
per cubic foot and has a specific heat of about 0.02 per 
cubie foot so that it contains about 2 British thermal 
units of sensible heat for each 100 deg. Fahr. above that 
temperature. 

This gas is then somewhat more than half as high 
in heating value per cubic foot as ordinary producer 
gas. This, with the enormous volume produced (some 
140,000 cubic feet per ton of iron in good practice 
and more where the practice is poorer), gives it enor- 
mous commercial value, so great in fact as to equal a 
considerable percentage of that of the pig-iron itself. 

This gas having been in intimate contact with the 
charge in its course up through the furnace, and having 
carried off all the moisture of the charge not dissociated 
necessarily contains much moisture and picks up much 
fine dust from all the different components of the charge. 
It also carries a fume consisting of solids volatilized in 
the hearth of the furnace which sublime into the solid 
State, but in the form of an impalpable powder, as the 
gas cools in its progress toward the furnace top. 

It is this fume that gives the gas its characteristic 
appearance, so that an experienced furnaceman can 
tell more quickly by looking at the gas discharging 
from the boiler and stove stacks than by any other 
way if his furnace is working “hot” or “cold,” since a 
relatively few degrees drop in hearth temperature make 
& great difference in the amount and appearance of the 
fume thrown off. 

The composition of this fume will be treated more 
at length in a subsequent article; for the present it is 
only necessary to say that it consists mainly of silica, 
alumina, lime, potash from the ash of the coke, and 
iron, and in case the charge contains much manganese, 
this element is present in the fume to a great extent, 
changing the white color of the fume of a good working 
furnace on ordinary iron to a light yellow when running 
on “‘spiegel” and to a dark yellow or brown when run- 
hing on ferromanganese. 

* Reproduced from Metallurgical and Chemical Engineering. 


Its Cleaning and Utilization 
By J. E. Johnson, Jr. 


In the early days of slow driving the velocity of the 
gas current through the furnace was small and the 
quantity of fine ore in the charge was almost negligible 
in comparison with the quantity of fine ore used to-day, 
which runs from 50 to 100 per cent Mesabi in the majority 
of American practice. 

Under those conditions a single, comparatively small 
outlet at one side of the furnace top was sufficient and 
the quantity of dust carried by the gas was extremely 
small, therefore a single pipe of moderate size running 
straight or almost straight down and branching directly 
off to the stoves and boilers was all that was necessary 
to handle the gas. This constituted but a small, almost 
an insignificant fraction of the plant as a whole. Con- 
ditions at the present are vastly different from this in 
three respects: 

First, the velocity of the gas through the furnace 
is several times greater than it was in those early days 
and the carrying power of the fluid current increases 
at an enormously rapid rate with an increase in velocity. 
I have seen the statement that this increase was as 
the seventh power, which would mean that doubling 
the velocity would increase the quantity of material 
carried 128 times. Whether this be true or not it is 
certain that the rate of increase in carrying power is 
extremely high. 

Second, the ore used instead of being practically all 
hand-prepared lump consists very largely of fines, much 
of which is capable of passing through a 100-mesh sieve. 

Third, we have come to realize the enormous cost of 
attempting to utilize gas in its dirty condition for stoves 
and boilers, even leaving out of consideration gas engines, 
which require gas cleaner than the air we breathe for 
their successful operation. 

These three causes have had an enormous effect on 
the gas-handling system of the furnace which has in 
recent years become one of the largest and most con- 
spicuous features of the whole blast furnace plant. 

THE OUTLETS FROM THE FURNACE TOP. 

From the time of the closed top or soon thereafter, 
some furnacemen claimed that the gas should be taken 
off either from the center of the furnace or at several 
points symmetrically arranged around the furnace top. 
Others claimed that the gas, having gone through the 
stock column, had done its work and that the location 
of the outlet was a matter of no importance, and that 
one large outlet located on one side was cheaper and 
simpler than any other arrangement and just as good. 

In connection with furnace tops, I shall show a de- 
sign of top arranged to take the gas out at the center, 
which worked successfully for many years and gave 
but little trouble. It was, however, impossible to make 
the top quite so simple in this way as with the outlet 
on one side, and so the great majority of furnaces 
built in the United States up to 20 years ago were con- 
structed on the latter plan, although in discussing opera- 
tion I shall show what is to my mind an indisputable 
proof that a single side outlet produces an unsymmetri- 
eal passage of the gas through the furnace and cannot 
lead to the best work. 

As furnaces and their outputs grew they produced 
a vastly larger quantity of gas, so their designers pro- 
vided more gas outlets, two and “even up to five or six. 
Good practice now very generally uses four, though 
in my judgment three properly located are sufficient. 

DOWN-COMERS. 

This introduction of multiple outlets introduced other 
difficulties into the design of the plant. 

With a simple outlet the down-comer could drop al- 
most vertically to the ground close to the base of the 
furnace, but with this growth of output, necessitating 
multiple outlets, came the vast increase of dust which 
I have mentioned and the necessity for providing some 
means for its removal. As long as the gas traveled 
on a steep downward slope, the dust would accompany 
it, but when the dust reached the horizontal passages 
leading to the stoves and boilers and from these to the 
stack, it settled in them and obstructed them so rapidly 
as to constitute a serious obstacle to continuous and 
satisfactory operation. 

Means therefore had to be provided for the removal 
of the dust at the foot of the down-comer and for this 
purpose chambers, at first only a little larger than the 
gas mains were introduced, but as conditions grew worse 
and worse these were increased in size and required, 
therefore, to be placed further from the furnace in order 
to give the necessary room for operation. 

This threw the foot of the down-comer away from the 
furnace at its base, while the necessity of reaching more 
than one outlet threw its top back, from the closest 


point on the top of the furnace shell, to the center line 
of the shell when the two outlets were used, and finally 
to the back or opposite side when four or more were 
used. These two factors flattened the slope of the 
down-comer from almost vertical to a slope well below 
45 degrees. 

In some of the earlier installations these conditions 
were made still worse because it was considered nec- 
essary to have the down-comer enter the top of the 
dust-catecher in the center of the latter and this re- 
duced the vertical height, at the same time all the other 
factors above mentioned increased its horizontal reach. 
I think that the slope of the dust-catcher on some 
of the plants built about the time of the Duquesne 
revolution was not more than 30 degrees. These were 
extremely unsatisfactory in operation because not only 
would dust lodge in them but also coke and other ma- 
terials from the charge; they did not free themselves 
under any circumstances and no matter how large they 
might be built, they filled up until the velocity of the 
gas through them was great enough to scour a passage- 
way through the accumulation on the bottom slope, 
this, of course, involving high top pressure and con- 
sequent leakage on every joint not tightly sealed. 


EXPLOSION DOORS. 


Down-comers are generally provided with explosion 
doors for two purposes: First, when furnaces are stopped 
it is almost impossible to prevent air being drawn into 
the gas main at some point or other. This air mixes 
with the gas and produces an explosive mixture. When 
operation is resumed this mixture is ignited at the 
boiler or stove burners and an explosion follows which 
in some cases is violent enough to burst the main, dust- 
catcher and down-comer unless it is relieved by suitable 
safety-valves or explosion doors. 

Second, the furnace itself is liable to slips or explo- 
sions in which a pressure of several pounds to the square 
inch, ordinarily only occurring at the lower levels of 
the furnace, reaches the top and would do it great damage 
unless properly relieved. 

This latter theory has been combatted by Mr. Julian 
Kennedy, who has claimed that explosions were more 
violent in proportion as they received freer vent; com- 
paring the conditions which arise at such times to those 
occurring when the cork is removed from a bottle of 
charged water, if this be done suddenly a great propor- 
tion of the contents of the bottle is violently ejected, 
but if the cork is held back and the gas pressure al- 
lowed to pass off slowly, none of the contents of the 
bottle are thrown out. In accordance with this theory 
the tendency in recent years has been to provide many 
less explosion-doors than were formerly thought to be 
necessary, and the results have very largely confirmed 
the theory, though many furnacemen are not willing 
to go as far as advocated by Mr. Kennedy and do away 
with explosion doors entirely. 

One design, made about the time of the Duquesne 
revolution, was intended to be the best possible re- 
gardless of expense. Some five or six outlets were pro- 
vided around the top of the furnace, and these were 
all connected with an annular main, from one or two 
points on which the branches of the down-comer led 
off. Explosion doors were arranged on the outside 
of this annular main, which, of course, was a few feet 
below the operating platform of the furnace top and 
in order to provide access to it a supplementary plat- 
form was built a few feet below. 

This system has almost all of the disadvantages 
which could be worked into one design. On the side 
opposite to the down-comer there was so little current 
of gas that the annular main became sufficiently choked 
up to make it virtually useless and one or two out- 
lets on the side next to the down-comer carried off all 
the gas, practically as though the annular main did 
not exist. On account of the large size and distant 
location of the dust-catcher and the wide stretch of its 
branches to reach the opposite sides of the annular 
gas main the slope of the down-comer was exceedingly 
flat, and it is probable that after it was in operation 
a short time more than half its area was choked up 
and not in active use. One of the worst features of 
the design was the location of the explosion doors which, 
it will be seen, came just under the main operating 
platform. Owing to the choked condition of the down- 
comer, the top pressure was high and the explosion doors 
were generally leaking more or less; if the gas caught 
fire it burnt underneath the top platform so as to damage 
the steel work, and if it escaped unburnt the gas came 
up onto the top platform in sufficient quantity to make 
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it dangerous to stay there any considerable length of 
time. 

It may not be amiss to say a word here as to the 
general design” of explosion doors. These are always 
made hinged, but are located in two different ways; 
first, so that the plane of the door is horizontal when 
closed; second, so that it is steeply inclined or ver- 
tical when closed. The latter design is radically wrong 
and should never be used because the moment of the 
door due to its weight, is little or nothing when it hangs 
vertical, consequently a slight pressure is sufficient to 
foree it from its seat, but as its moment rapidly increases 
a much greater pressure is required to force it to open 
wide as it should when it is needed at all. 
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Fig. 1.—Elevation of Bethlehem Steel Company’s 
furnace, showing correct design of gas outlets. 


The horizontal door works exactly the opposite way, 
exerting its maximum moment when it is closed so 
that it is very easy to keep tight under ordinary con- 
ditions. But when a considerable increase of pressure 
occurs, forcing the door open to relieve it, the moment 
of the door decreases as it opens, so that it operates 
more and more easily as it opens wider. This seems 
at first sight to be an insignificant detail, but as a matter 
of fact, I have seen great annoyances caused by vertical 
doors, so little gas leaking from them can be objection- 
able either by burning and damaging the structure or 
by polluting the air, that the final result is to have a 
rigid clamp put on the door which virtually destroys its 
usefulness for its primary purpose even though it may 
not completely eliminate the leakage. 

Fig. 1 shows a design of gas outlets and down-comer 
which secures practically all the important advantages. 
The drawing shows the “E” furnace of the Bethlehem 
Steel Company. The outlets are four in number rising 
from the conical top of the furnace shell. The down- 
comer instead of connecting directly with the outlet 
openings on the furnace shell on the back or high side, 
connects with the outlet pipes at a point several feet 
above the operating platform and thereby secures suf- 
ficient height to give it a slope steep enough to free itself. 
The explosion doors are placed on the top of these high 
outlet pipes many feet above the operating platform 
and if they leak no harm is done. If the gas burns it 
eannot strike anything to destroy, and if it remains un- 
burnt it pollutes the air far above the heads of those who 
may have occasion to be upon the operating platform. 

In the early days the down-comers were made of 
quite thin pipe entirely unlined, and these gave re- 
markably good service considering the relatively high 
temperature of the gas they sometimes had to handle, 
temperatures of 800 or even 1,000 deg. Fahr., in regular 
operation, being not uncommon, while, of course, very 
much higher ones occurred during slips. 

In modern practice, however, the down-comer is al- 
ways built of very substantial steel plate and lined with 
cirele bricks from 3 to 4% inches thick. This makes 
an almost indestructible construction but a very heavy 
one, so that due care must be taken to support the weight 
of the down-comer at both ends. 


DUST-CATCHERS. 

Dust-catchers were not considered a necessary part 
of a plant until within the last 20 or 25 years. The first 
ones were crudely designed, simply with the idea of 
providing an enlargement in the gas main in which 
the velocity of the gas would be reduced and its dust 
contents dropped to the bottom by this reduction in 
velocity. Ordinarily very inadequate means were pro- 
vided to prevent the gas current from picking up again 
the dust it had once deposited, and the efficiency of the 
apparatus was in some cases so low that the quantity 
of dust recovered was inappreciable, and after several 
years trial the dust-catcher was thrown out and re- 
placed by a plain section of pipe. Eventually the idea 
took shape of combining centrifugal force with the 
reduction in velocity to throw out the dust. 

The sketch, Fig. 2, illustrates diagrammatically the 
construction which came to be standard for the first 
type. Fig. 3 shows an early type sometimes used to 
secure the “centrifugal effect. The tangential inlet into 
the dust-catcher body constitutes the principal difference 
in the two types. 

The difficulty of preventing the dust from being picked 
up by the gas current after being deposited, was a 
serious one, and its solution was sought by several 
furnacemen and several designs were brought out to 
overcome it by having the dust impinge upon the sur- 
face of water to which it would adhere and from which 
the gas could not pick it up again. 

One of the earliest designs to embody this principle 
was that of Mr. F. E. Bachman, then manager of the 
Northern Iron Company, at Port Henry, N. Y. Mr. 
Bachman built a dust-catcher in general appearance not 
differing greatly from the ordinary type provided with 
a tangential inlet as shown in Fig. 3. The shell of this 
instead of being lined with firebrick, as in ordinary con- 
structions, was sprayed inside with a great number 
of small jets of water which produced a water film run- 
ning down over this whole interior surface. Centrifugal 
foree threw the gas against this surface to which the 
dust adhered, and was carried to the bottom by the flow 
of the water film. The gas only being exposed to the 
surface of the water for a short time did not absorb 
enough water vapor to affect its thermal value materi- 
ally. This dust-catcher was in operation for a number 
of years (as far as known to me it still is) and gave ex- 
cellent results. The stoves remained clean and service- 
able, although the furnace was charged exclusively 
with magnetic concentrates, which were quite fine. 

Another design to secure this result was that of Mr. 
R. C. Steece, whose dust-catcher is shown by Fig. 4. 
The body of the dust-catcher is horizontal and filled with 
water to about one-third of its height. The gas enters 
at one end so as to impinge on the surface of the water 
and is reflected therefrom into a semi-circular passage 
which brings it back to impinge upon the water a second 
time. A second semi-circular passage repeats the opera- 
tion once more and the gas is finally discharged at the 
far end of the dust-catcher. 

This design avoids the maintenance of the sprays re- 
quired by the Bachman apparatus, but, on the other 
hand, the surface of the water is not constantly and 
rapidly renewed as it is in the Bachman design, and this 
is a point of much importance because when the sur- 
face of the water becomes fouled by a heavy layer of 
dust, other dust impinging upon this is not held but 
liable to be picked up again and carried on by the gas. 

Another dust-catcher which uses the principle of 
having the gas impinge upon the surface of water is the 
invention of Mr. B. F. Mullen, of Leetonia, Ohio. This 
dust-catcher has had the widest appliance of any appa- 
ratus of its type. The design is shown in Fig. 4a. The 
external shape of the apparatus is not unlike that of 
the standard dust-catcher. The gas enters at the top 
and passes into the central chamber shown. This cham- 
ber is suspended from the dome of the dust-catcher, its 
shell is lined with firebrick and its bottom constitutes 
a tube plate supported by the suspension rods L. Through 
the tube plate project a great number of short tubes 
through which the gas is forced to pass at a considerable 
velocity. The bottom cone of the apparatus is filled 
with water to a level from 4 inches to 6 inches below the 
bottom of the tubes. This level is maintained by over- 
flow through the ports H around the circumference of 
the dust-catcher body. 

Fresh water is introduced into the center through 
the pipe shown, and flows regularly outward to the out- 
let ports H through which it discharges. This keeps the 
surface of the water constantly in motion and prevents 
its becoming too foul to hold the dirt thrown upon it. 

After the gas leaves the tubes and impinges upon the 
water surface it passes into the annular space around 
the central chamber and so to the outlet at the side. The 
top of the outlet trough just beneath the ports H is 
sealed by a conical plate, the bottom of which is riveted 
to the bottom of the trough, while its top is riveted to 
the shell of the dust-catcher proper. 

The light dust which lodges on the surface of the 
water is carried away by the flow of the water, while the 


heavy dust which penetrates the surface is flushed of 
from time to time through the bell valve at the bottom 
of the cone. A later design is modified so that the out. 
let trough for the waste water is inside the main dust. 
catcher structure instead of outside of it, but the prin. 
ciple remains the same. 

This dust-catcher has given very good satisfaction jp 
use. The principal point to be guarded against is any 
fluctuation of the water level which will permit the eng 
of the discharge nozzle to become wet, because, if they 
do so the dust will rapidly build upon them and in time 
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Fig. 2.—Early form of typical dust catcher. 


they will become completely obstructed. A fact not 
generally recognized is that flue dust has a very cement- 
like quality and that when dampened it sets almost as 
hard as a good cement. This fact has proven the de- 
struction of the number of wet dust-catchers whose de- 
signers did not know how to provide against this diffi 
culty. 

Through the courtesy of the representative of the 
Mullen washer, I have obtained a copy of the results of 
a test made on one of these washers by the superintendent 
of one of the largest blast furnace plants in the country, 
with a view to finding out if the apparatus were suitable 
for the conditions at this plant. The results of this 
test showed that the gas leaving the dust-catcher con- 
tained 2.28 grains per cubic foot of dust and after 
leaving the gas washer it contained 0.75. The repre- 
sentative of the gas washer claims that it is capable 
of doing considerably better work than this, but even 
this reduces to a third the total amount of dust carried 
into the stoves and boilers, as there is a very considerable 
proportion of the total dust carried through by the 
stack gases without being deposited; this reduces the 
proportion which lodges in the stoves and boilers, to 
their detriment, by a considerably greater percentage, 
and at the original plant where this washer was in- 
stalled at Leetonia, Ohio, experience proved that tliey 
could run the stoves for the whole blast without taking 
them off the furnace for cleaning, which would be quite 
impossible without some means for reducing the dust 
in the gas far below the percentage which it contains 
on leaving the dust-catcher. 

Many other types of dust-catchers have been built 
and tried out, but these described give the broad out- 
lines of the art as it existed before the introduction of the 
gas engine. This forced a further step and a very long 
one in the direction of cleaning the gas, and as hax s0 
often happened, knowledge of the subject gained in 
learning to clean gas for gas engines has proven of 
great advantage in directions not contemplated when the 
work was undertaken. There seem to be definite limits 
to the degree to which the gas could be cleaned by any 
type of dust-catcher which depends upon gravity, 
centrifugal force, or impact upon the water surface oF 
combination of any of these. The degree of cleanness 


as it com 
grees to! 


~ 


NY, 


Ser 
NS 
TR NS 


Fig. 3 


of water 
large pr 
with wa 
This wa 
since it 
attainm 
with thi 
serubbiz 
and its 


an abso! 
an enor 
going tk 
bustion 


TABLI 


obta 
practice 
plained, 
| gas & st 
Most 
ing hav 
this int 
gas as sc 
itself at 
and this 
Va 
| : 
Y. 
iy ®% Ye 
‘a NG 3 Q 
YY, % 
4 “ie a 
NW, A 
N { 2 Pipe, Brick inside 
YY, Z Z 
hy Z 
may ac’ 
parted 1 
It is « 
The re¢ 
bad bec 
centage 
before g 
‘ 
Tor 
Sensi 
Later 
Sensi 
4 Sensi 
Total 
Sensi 
tio’ 
Sensi 
i - 
Total 
tio 
Tota 
cor 
Tota 
cor 
Tota 
; bu: 


y 6, 1915 
— 


lushed off 
bottom 
t the out. 
ain dust. 
the prin. 


‘action in 
st is any 
t the end 
», if they 
1 in time 


february 6, 1915 


SCIENTIFIC AMERICAN SUPPLEMENT No. 2040 95 


@ obtainable is barely sufficient for moderately good 
practice with the stoves, and as I have previously ex- 
plained, great economies were effected by cleaning the 
gs a step beyond this point for use with stoves. 

Most of the processes used for the next step in clean- 
ing have involved scrubbing. the gas with water and 
this introduced another element in the situation. The 
gas as scrubbed picks up water vapor enough to saturate 
itself at the temperature at which it leaves the scrubber 
and this has a somewhat complicated seffect. The gas 
as it comes from the furnace at a temperature of 300 de- 
grees to 500 degrees, carries a very considerable quantity 
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high as it otherwise would. Therefore, to remove the 
moisture is in itself a benefit. 

There has been a certain amount of misapprehension 
on this subject. There have been in recent months, two 
papers on the subject of gas cleaning, of which jointly 
the value probably exceeds anything published in Eng- 
land previous to that time. These are the papers of Mr. 
W. A. Forbes, ““The Cleaning of the Blast Furnace Gas,” 
before the October, 1913, meeting of the American In- 
stitute of Mining Engineers, and that of Mr. A. N. Diehl 
at the February, 1914, meeting of the same institute, 
entitled “Data Pertaining to the Gas Cleaning at the 
Duquesne Blast Furnaces.” 

From the former of these I shall presently quote ex- 
tensively and from the latter also to a considerable ex- 
tent, but both of these, in my judgment, give an er- 
roneous idea as to the relative importance of removing 
moisture and of cooling gas. Table 2 of Mr. Diehl’s 
paper is reproduced here as Table 1. 

It will be seen that he gives calculations showing the 
amount of heat obtainable per cubic foot of gas under 
three conditions. 

First—Washed and cooled to 70 deg. Fahr. and satu- 
rated at that temperature with water vapor. 

Second—Washed and cooled 125 deg. Fahr. and satu- 
rated at that temperature. 

Third—Unwashed at 400 deg. Fahr. and containing 
35 grains of moisture per cubic foot; in other words. its 
natural condition as it comes from the furnace. 

Three temperatures for the escaping products of com- 
bustion from the stack, 400 deg. Fahr., 500 deg. Fahr. 
and 600 deg. Fahr., are taken for each of the three cases. 

Turning now to the third line from the bottom, “Total 
heat obtained per pound of dry gas consumed,” it will 
be seen that the amounts in the three cases, all at 500 
degrees stack temperature, are 1,076.6 British thermal 
units for the first, 1,088.43 for the second and 1,166.49 
for the third. It is obvious that the most available 
heat is to be obtained with hot gas in spite of high con- 
tent of moisture. 

Mr. Diehl gives a percentage figure for the three cases 
in the second line from the bottom of 83.23 per cent, 
78.4 per cent and 80.31 per cent. Based on these per- 
centages he states that the dry cold gas gives the highest 
percentage of available heat. 

This is obviously incorrect, as the highest percentage 
must plainly coincide with the largest absolute amount 


ow, Fie. 3.—Typical “ of heat obtained on any correct basis of figuring. The 
ig. 3.—Typical form of centrifugal dust catcher. error has arisen by counting as available the latent 
heat of vaporization of the water vapor in the gas in 
of water vapor picked up from the stock, which, in a all cases. But this is in fact not available under any 
ee large proportion of modern practice, is heavily sprayed known conditions of boiler or stove operation since it 
with water just before being charged into the furnace. would require gases to be cooled far below 212 degrees 
ef. This water vapor is somewhat of a detriment to the gas to precipitate much of this moisture and recover its 
since it acts as ballast during combustion and prevents latent heat. 
et not attainment of as high a temperature as would be reached It is obvious that if the burnt gas comes in at 400 
ement- with the same gas at the same temperature, dry. By degrees and goes out of the stack at 400 degrees no loss 
10st as scrubbing the gas with water this temperature is reduced | whatever has occurred, while if it goes out at 500 degrees 
he de- and its saturation point is so much lowered that water or 600 degrees, the only loss is that in superheating this 
se de may actually be removed from it instead of being im- small quantity of steam 35 grains, or 0.005 pounds of 
s diffi parted by the scrubbing operation. water vapor, with a specific heat of 0.48 through a range 
It is obvious that we have here two conflicting effects. of 100 degrees or 200 degrees, making a loss per cubic 
of the The reduction of the temperature of the gas itself is foot of gas of only a fraction of one thermal unit. 
ults of bad because the sensible heat is an appreciable per- In regard to the effect on the combustion tempera- 
sndent centage of the total, and if this is removed by any means __ ture, the results are similar. The quantity of air re- 
untry, before gas reaches the burners such removal represents quired for combustion is about equal in weight to the 
litable an absalute loss. On the other hand, hot gas can carry gas itself, therefore the reduction of the initial tem- 
f this an enormous amount of water vapor and this moisture perature of the gas by a given amount results in a re- 
r con- going through the system acts as a damper on the com- duction of the temperature combustion by about one-half 
after bustion and prevents the temperature from rising as of that amount; to cool the gas from 400 deg. Fahr. 
repre- 
upable TABLE 1.— HEAT AVAILABLE PER POUND OF Gee oF INITIAL TEMPERATURE AND Mo1sTuRE 
; even Unwashed Blast-Furnate Gas 
: ‘Washed Blast-Furnace Gas at Washed Blast-Furnace Gas at at 400° F. with 35 Grains 
arried 70° F. with Moisture Satu- 125° F. with Moisture Satu- Moisture per Cu. Ft. as at 
rated at 70° F. Gombustion rated at 125° F. Combustion * F. and 30 in. H Com- 
erable Air at 70° F. with Moisture r at 70° F. with Moisture bustion Air at 70° Mois- 
y the Saturated at 57° F. Saturated at 57° ture Saturated 57° F. 
33. OEE, OBE, OES, BE, BE 
they Total Heat Exper ted 32° F. Ove 
eli Sensible heat in- dry fuel gas, B.tu..... 9.1 9. Y 22.449 22.44 22. " 99.61 " 
ahing Sensible and latent heat in moisture, B.t.u. 16.682 18.682 18.682 94.420 5420 
quite Laten t of combustion, 1 Ib. dry 
1,253.800 1,253.800 1,253.800 1,253.800 1,253.800 1,253.800 1,253.800 1,253.800 1,253.800 
1,279.610 1,279.610 1,279.610 1,380.669 1,380.669 1,380.669 1,434.68 1,434.68 1,434.68 
Combustion Air. 
Sensible heat in dry air, B.t.u.......... 6.292 6.292 292 6.292 6.292 6.292 6.292 6.292 6.292 
built Sensible and latent heat in moisture, _—‘7.729 7.729 ‘729 7.729 7.729 7.729 7.729 7.729 7.729 
| out Total’ heat expended, 1,293.630 1,293.630 1,23 1.39469 1,394.69" 144820. 144800" 
of the Total Heat * Protests gt Combustion 
long Sensible heat in ary products of combus- 83 
a $0 Sensibie and latent heat in moisture, Btw “Sai 
xd in Total heat in products of combus- 
m of 176.06 217.08 265.06 261.89 306.26 357.93 238.81 282.21 332.77 
Heat Bal 
n the Total heat expended, 29960 1,299.680 1,298,630 1,394.69 1,994.69 1,394.69 1,448.70 1,448.70 1,448.70 
limits 176.06 217.03 265.06 261.89 306.26 857.93 238.81 282.21 332.77 
7 any Total heat available per Ib. dry fuel gas 
1,117.57 1,076.60 1,028.57 1,182.80 1,088.43 1,036.76 1,209.89 1,166.49 1,115.98 
ity, hone 86.39 83.23 7951 81.22 78.04 7483 8852 808 77.03 
OF Total neat dissipated in products’ of com: 
13.61 16.77 20.49 18.78 21.96 25.67 16.48 19.69 22.93 
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down to 70 therefore reduces the theoretical combus- 
tion temperature by about 160 degrees. The removal of 
the moisture tends to raise the theoretical combustion 
temperature but quantitatively the amount of increase is 
smaller than the decrease due to the loss of sensible heat 
of the gas, about 100 degrees against 160 degrees. 

When the gas comes from a furnace which does not 
work a wet burden of ore or wet fuel, the conditions be- 
come very much worse for wet scrubbing, because in 
that case there is but little moisture in the gas to be re- 
moved by a reduction of the temperature and therefore 
such reduction represents a net loss both of combustion 
temperature and of thermal efficiency due to lower com- 
bustion temperature. 

In the discussion of the paper of Mr. Forbes above 
mentioned, it was stated by Mr. 8. K. Varnes, of the 
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Fig. 4a.—Mullen gas washer. 


Pennsylvania Steel Company, that at their furnaces 
they had introduced gas washers for the stoves but that 
they had been forced to abandon them because of the 
increased moisture and decreased temperature of the 
gas which resulted in a decided lowering of the com- 
bustion temperature and corresponding reduction of 
the blast temperature that could be obtained from the 
stoves. On the other hand, great benefit has been de- 
rived from wet scrubbing, where wet ore is used. Thus 
it will be seen that each case must be handled on its 
merits. Clean gas is always desirable, and undoubtedly 
much cleaner gas will be used in stoves and boilers than 
we have been accustomed to in the past, but wet scrub- 
bing should only be adopted after the most careful 
analysis of the conditions to see whether the net results 
will be beneficial or not, and if so, to what extent. 
There is but little use in supplying stoves with clean 
gas and then finding that we can get from them only 
lower blast temperatures than we could with dirty gas. 
(To be concluded.) 


Profits from Public Forests 
Tuat the public forests might be a valuable property 
for the community is pointed out by the Forest Service 
of the Department of Agriculture, which cites the case 
of the town forests of Baden-Baden, Germany, where 
scientific forestry is practiced. These forests yield a 


profit of $5.25 per acre, or a net revenue of $67,500 an- 
nually. 


Fig. 4.—Steese and Ford gas washer. 
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Hypnosis or Agony of Fear? 

One of the subjects often discussed in the press, yet 
never settled, is the question whether a snake can 
hypnotize a frog or bird so compietely that it becomes 
helpless and allows the snake to seize and swallow it. 
The unlucky little creatures, it is asserted, generally 
become rigid and unable to move at the sight of the 
enemy, but in some cases they advance toward the 
snake as if drawn by some mysterious power, and even 
spring right into its jaws. Once by way of determin- 
ing whether a snake’s eye really possesses this occult 
power the experiment was tried of pushing cautiously 
a board between the reptile and the frog hopping to- 
ward it. In a moment the spell was broken; the frog 
fled in joyous springs and the snake vanished into its 
hole. This seemed to be conclusive proof that the 
hypnotic state had been produced. 

A somewhat different view of the matter is brought 
forward in the scientific notes of the German journal 
Prometheus by Herr Pfister of Rappoltsweiler. He is 
somewhat doubtful of the theory given above, and asks 
how it is that such occurrences have never been ob- 
served among snakes in confinement. Or how it hap- 
pens that rabbits and rats in a cage of snakes seem so 
unconstrained, nibble placidly, and run around as 
though they had no suspicion of their impending fate? 
Rats have been known, when driven by hunger, to 
gnaw at the snake and even to eat it up altogether. 

Our author’s reasoning in maintaining his views is 
about as follows: It is certain that a human being can 
exert a strong influence upon another or can hypnotize 
him. As a rule this is nothing more than the power 
that a strong mind exercises over a weaker one, a force- 
ful character over an undeveloped one. This can be 
observed any day in the case of a teacher in the school, 
of parents with their children, of a judge in the exercise 
of his office. A sharp look is often sufficient to break 
down the defiance of the wrongdoer. Among human 
beings this exercise of influence holds good, but how 
can the expressionless eye of a snake exert such a pow- 
er over a frog, an animal so low in the scale of creation? 
An animal tamer can perhaps hold a lion or tiger with- 
in bounds by the power of his eye or rather by his 
daring demeanor. But let him try to exert this power 
over a frog! 

The supposedly hypnotic cases, continues Herr Pfister, 
should more probably be attributed to the fact that ani- 
mals are rigid with fright when they perceive an enemy 
just as men are when facing great danger. Moreover 
the frog, like many other animals, has the habit of 
simulating death in case of necessity until the danger 
is past. As snakes only attack living animals, in this 
way the frog is frequently able to save itself. If a 
frog should really hop toward a snake the probable 
explanation of this is that it does not suspect that 
the reptile lying motionless could be dangerous to it. 

Our author explains the behavior of little birds at 
the sight of a snake in the same manner. No occult 
power drives a bird toward the enemy, but its anxiety 
for its young. Whether the enemy be.a snake, a cat, 
a marten, or any other predatory animal, mother-love 
leads the bird to forget its own danger entirely. Scream- 
ing with alarm it flits back and forth, strikes boldly at 
the enemy, seeking in every way to drive the intruder 
off, and often falls a sacrifice to its daring. There is 
no question of hypnosis in such a case. 

Herr Pfister thinks we should be very cautious in 
accepting stories as to what people have observed, as 
imagination, the unusualness of the phenomenon, sur- 
prise, and alarm often confuse the perceptions. Prof. 
Doflein in his work, “The Animal as a Part of Uni- 
versal Nature,” says; “It has often been observed that 
birds upon the approach of a snake remain motionless 
as if under a spell. This was held to be a kind of 
hypnotic influence which, it was asserted, arose from 
the glistening of the snake’s eye, from the sheen of its 
skin, and from the uniform swaying back and forth of 
its head.” According to others it was the sight of the 
snake which made birds stiff with fright. Investiga- 
tions made at the Zoological Garden in London, how- 
ever, led to an entirely different result: No species of 
animal, with exception of the ape, looks upon the snake 
as something to be feared and exhibits signs of terror 
at the sight of it. Many animals show rather some- 
thing like curiosity and look at a striking object with 
great attention, but without moving, whether the ob- 
ject be a snake, a ribbon, or a human finger. If, there- 
fore, the snake throws itself quickly at the right mo- 
ment on its prey the victim is caught, and this without 
any magic. 

The same opinion is also reached by Dr. Kurt Floer- 
ike in his work “Reptilia and Batrachia of Germany.” 
He says: The spell of fascination exercised by the 
snake’s eye, whereby the victim is said to be held in 
a measure tv one spot in order thus to fall a more easy 
prey, should at the present day be regarded as an ex- 
ploded theory. 


Our author quotes further Brehm’s “Animal Life,” 
which simply gives all the cases which the writer has 
been able to draw from reliable sources without ex- 
pressing a positive opinion one way or the other, while 
Prof. Dofiein calls any such story an interesting scien- 
tific fable without actual basis. 


The Lightest Known Wood 

WHEN one sees and handles for the first time a piece 
of the wood of the ambach or ambatscha tree he im- 
mediately conceives the idea that the material would 
serve as an admirable substitute for cork. Upon in- 
quiry be soon learns that all woods which are character- 
ized by a very low specific gravity and softness have 
been used only to a very limited extent in place of cork, 
because all of the so-called cork woods known to man 
do not possess the high elasticity, impermeability and 
durability peculiar to cork. With the single exception 
of cork wood or balsa (Ochroma lagopus) of tropical 
America, which is used for making life preservers, 
these soft, light, and pith-like woods rarely enter the 
markets. Their uses are for the most part confined 
to carving and ornamental work in the countries where 
the plants are native. The adaptation of shola or sola 
(Aeschynomene aspera) a remarkably soft light wood 
used in the manufacture of shola hats, is perhaps one 
of the principal exceptions to the rule. The shola tree 
is found growing in India and Ceylon, where it is used 
extensively for making hats out of the spongy sub- 
stance developed on the stems when growing in the 
water, as they generally do. These hats are of remark- 
able lightness and are well adapted to the climate, as 
they are poor conductors of heat. The wood is em- 
ployed also in many parts of India and occasionally in 
England, and to a lesser extent in the United States, 
for fishing floats, models. and for an infinite variety of 
ornamental purposes. Latterly, however, shola and 
other similar soft woods have been applied for the 
packing of machinery bearings. 

Ambach, upon which experiments have been made 
for this and other purposes, is a leguminous plant known 
to botanists as Herminiera elaphogylon, a native to the 
Nile and Lake Chad regions. It is called ambach or 
ambatscha in the region where it grows, and the wood 
has attracted considerable attention under the names 
of ambach and tripol; the latter name is probably de- 
rived from the name of the town or region from which 
the wood is principally shipped. The English-speaking 
people along the Nile call it pith tree, because the wood 
resembles the pith of elder or of other trees having a 
very light pithy center. The tree grows to a good size, 
forming tolerably thick trunks, and is of very rapid 
growth. It is said to attain a diameter of 6 inches in 
two to three years, when it dies and another young 
tree springs up from the same underground parts. The 
growth of these plants is so rapid and occurs in such 
great abundance that it frequently chokes up the chan- 
nels of the numerous tributaries of the upper Nile. 
The wood is remarkable for its very soft texture and 
its appearance of a mass of pith. It is exceedingly 
light in weight, brittle, and is nearly white when it is 
eut, but turns slightly darker upon exposure to light 
and air. 

Ambach is the lightest wood in existence. A sample 
of balsa from Trinidad exhibited at Philadelphia in 
1876 had a specific gravity of 0.120, or about seven and 
one half pounds per cubic foot. The specific gravity 
of common cork (the bark of Quercus suber) is given 
by Ganot as 0.240. There are no figures extant on 
the specific gravity of ambach, but on an average it is 
much lighter than either balsa wood or cork. Owing 
to its extreme lightness the natives use it to assist them 
in swimming across the rivers. It has also been used 
by the natives in Africa for making hats and floats and 
has occasionally been shipped to England and the 
United States for making floats for fishing tackle and 
as a substitute for cork. It has been found to split 
too easily under radial tangential pressure, and it is 
soon water soaked and cannot be used successfully 
for the purposes for which ordinary cork is now em- 
ployed. 

Although ambach is very soft it has been found that 
it cannot be used for such purposes as packing machin- 
ery bearings and delicate instruments, because it tends 
to wear away the metal where it rests on the wood 
which contains numerous minute crystals of calcium 
oxalate. These crystals have also a great deal to do 
with the dulling of tools used in cutting the wood. 
These qualities are recommendations for the use of 
this wood as razor strops for which it has been em- 
ployed successfully for a good many years. The woody 
tissue of the flowering stems of the American aloe 
(Agave americana) is often cut and shaped by the 
people in the country where the aloe grows into the 
form of strops, and there is no doubt of its efficiency 
for this purpose. The wood of ambach is more com- 
pact, even-grained, and apparertly more durable and 
serviceable than the alee. 


Locating Metals in Wounds 


Ir is often difficult to locate bits of metal in woug 
such as rifle bullets, fragments of shells or shrappgl 
and the suggestion has been made that the Hughes} 
duction balance can be of great use for the purpe 
The balance consists of a battery and interrupter, 4 
series with two primary coils, on which are wound ge 
ondary coils connected in series with a telephone; ty 
leads are crossed, and the coils are exactly alike 9 
that normally their effects are exactly neutralized, ang 
no sound is heard in the telephone. When, however g 
metallic body is placed near one of the coils, the eddy 
currents induced in the metal react upon the coil ang 
disturb the balance, so that a sound is heard in the tele 
phone. When the metal is magnetic, as in the cage gf 
splinters of shell or bullets, the effect is much increageg 
Thus the device can be used to indicate the preseng, 
and to some extent the nature, of a metallic body, ang 
its approximate position. 
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